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Figure 

CTGTGTTTCCTTAGATCGCGCGGACCGCTACCCGGCAGGACTGAAAGCCCAGACTGTGTCCC 
GCAGCCGGGATAACCTGGCTGACCCGATTCCGCGGACACCGCTGCAGCCGCGGCTGGAGCCA 
GeGcGCCGGFGCccCGCGCCFCCCCGGTC recacrescGGGGGCGCATAccGCCTCTGT3a CTTCTTTgcGGGCCAGGGACGGAGAAGGAGTCTGTGCCTGAGAACTGGGCTCTGTGCCCAGC 
GCGAGGT3CAGGATGGAGAGCAAGGCGCTGCAGCTGTCGCTCGGGTTCTCCGTGGAGAC 
CCGAGCCGCCICGIGGGTTGCCTGGCGATTTTCTCCATCCCCCCAAgCICAGCACACAGA 
AAGACATACTGACAATTTTGGCAAAACAACCCTTCAGATTACTTGCAGGGGACAGCGGGAC 
CTGGACTGGCTTGGCCCAATGCTCAGCGIGATTCTGAGGAAAGGGTATTGGIGACTGAATG 
CGGCGGTGGTGACAGTATCTTCTGCAAAACACTCACCATCCCAGGGTGGTTGGAAATGATA 
CTGGAGCCTACAAGTGCTCGTACCGGGACGTCGACATAGCCICCACTGTTAegiCTAGTT 
CGAGATTACAGAT CACCATTCACGCCCTGTCAGTGACCAGCAGGCATCGGTACACAC 
CGAGAACAAGAACAAAACFGTG.GIGAICCCCTGCCGAGGGTCGATTTOAAACCCAAGTG. 
CECTITGCGCTAGGTATCCAGAAAAGAGATEGICCGGATGGAAACAGAATTCCTGGCAC 
AGCGAGAEAGGCACTCTCCCCAGTTACAGAICAGCTATGCCGGCAGGTCTCGGA 
GGCAAAGATCAATGATGAAACCTATCAGICTATCATGEACATAGTTGEGGTTGTAGGATAA 
GGATTTAGAGTGA, CGAGCCCCCCGCATGAAATTGAGCTATCIGCCGGAGAAAAACTT 
GTCTTAAATTGTACAGCGAGAACAGAGCTCAATGTGGGGCTGATTCACCTGGCACTCTCC 
ACCETCAAAGTCTCATCATAAGAAGATTGTAAACCGGGATGTGAAACCCTTCCTGGGACTG 
TGGCGAAGATGTTTTTGAGCACCTTGACAATAGAAAGTGTGACCAAGAGTGACCAAGGGGAA 
TACACCTGTGTAGCGTCCAGTGGACGGATGATCAAGAGAAAAGAACAITTGTCCGAGTTCA 
CACAAAGCCTTTTATTGCTTTCGGTAGE'GGGATGAAATCTTTGGTGGAAGCCACAGTGGGCA 
GTCAAGICCGAAICCCTGIGAAGTATCTCAGTTACCCAGCTCCTGATATCAAATGGTACAGA 
AAFGGAAGGCCCAEGAGCCAACTACACAATGATTGTGGCGATGAACT CACCACATGGA 
AGTGACIGAAAGAGATGCAGGAAACTACACGGTCATCCTCACCAACCCCATTCAATGGAGA 
AACAGAGCCACATGGTCTCTCTGGTTGTGAATGTCCCACCCCAGATCGGGAGAAAGCCTG 
ATCTCGCCTAGGATTCCTACCAGTAIGGGACCATGOAGACATEGACATGCACAGTCACGC 
CAACCCTCCCCTGCACCACATCCAGTGGTACTGGCAGCTAGAAGAAGCTGCTCCTACAGAC 
CCGGCCAAACAAGCCCGTATGCTI'GTAAAGAATGGAGACACGTGGAGGAFFICCAGGGGCGA 
AACAAGATCGAAGTCACCAAAAACCAATATGCCCTGATTGAAGGAAAAAACAAAACTGTAAG 
TACGCTGGTCATCCAAGCTGCCAACGTGTCAGCGTTGTACAAATGTGAAGCCATCAACAAAG 
CGGGACGAGGAGAGAGGGECATCTCCTCCAGIGATCAGGGGTCCTGAAATTACTGTGCAA 
CCTGCGCCCAGCCAACTGAGCAGGAGAGTGIGICCCGGGCACTGCACACAGAAATAC 
GTTTGAGAACCTCACGTGGTACAAGCTTGGCTCACAGGCAACATCGGTCCACATGGGCGAAT 
CACTCACACCAGTTTCCAAGAACTTGGAGCCTTGGAAACTGAACGGCACCATGTTI'CT 
AACAGCACAAATGACATCTTGATTGTGGCATTTCAGAATGCCTCTCTGCAGGACCAAGGCGA 
CIATGIGCTCGCTCAAGAAAGAAGACCAAGAAAAGACAGCCIGGTCAAACAGCCA 

TGAGTGTTGTAGTAGGCTGGCACACTCCTGGAAGCAGAGCAAAGCEAACAGTGGTGAGGTAA 
GACATTAAAATTAGAAGACAGCTTGACFCTFTCEAGCCTTTAAGATGATGTCACTACTAGTA 

ccCAGAAGGAGAGGGrgAGACIATAGGCAAATAcce:GGTGGTCGTGCCATFGFGGFGFCrce 
AACTCCTGGGGATAAAA. 
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ATTGATCTTTGCTTGCTTACTGCCGTAATTTTAGTCAGAGAACACACTGGCACATACAAGGT 
GGTCAATGGGATACCTGCTTCATGAAAAGTGTGATGAGGGTCTGAATTTAAGATCTAGAAGA 

TTCCACGGAAGGGGTGCCACACTCATTGCCTGTACTCCTCTGGT 
TAGGTGAAGTTCAGTGAGATAAGTTTGGGATT 
GGATGCTAGCCTGTCTTGTCTAACCTTGTAC 

TGAGTTTAGGAGCCATCTCTCTCCTT 

CTGAGGTTCTCGTGATGTGCATCTTCTCTG 
GCTTATCTGAGGGGGTGTTTGAAAATAGATGCTAACATATGATTGTTATTAAAAAGAAACTT 
GGGGACAGAAGGACAGATGTTTCTGAGTGAAGTTGTTCCCAAGACCCTAGAGATCACACCAC 
ACATAGGACCCGTTATATCAGGTTAACAGTAGCTGATCCAGATGAGGGCAAGTTTAGAAGGG 

s e-re-re-re-re-re-r-sea-----------e. CAGTCAGTGGGTATGCTTCTATAA 

GGATGCCTCTGTTGTTTCCAAAACTCTGTTCTTGGAAGTAGGCCAGAGCCAAGTACACTTGT 
ATAGTACATGGTGGAAATGACCACGTTCTGCTAAGTGTGGAAGAGA 

,-,-,-,-,,,,,,, ...w,w.w,w.w,w.w GGGTAAGGTGCTTAACC ''''s 

ATCACATAAAAATAAGGCTAATGGCGTGGCTCTCATTATATGTGACTGACAGTAAATATTAG 
AAATGATATAGTTATCCAAAGTTATGTAAGTCACTCCTTACATAATTGTCCTGAAGTTTTGT 
CTTTCCTAAGGGAAAACATGAATTTTACTCTTAGAGGCTACAACTTTCCAGAGAAGAAGTTA 

  

  



U.S. Patent Sep. 30, 2014 Sheet 3 of 32 US 8,846,386 B2 

Figure 2 

ATGGAGAGCAAGGCGCTGCTAGCTGTCGCTCGTGGTTCTGCGTGGAGACCCGAGCCGCCTC 
TGGGGTTTGCCTGGCGATTTTCTCCACCCCCCAAGCTCAGCACACAGAAAGACATACTGA 
CAATTTTGGCAAATACAACCCTTCAGATTACTTGCAGGGGACAGCGGGACCTGGACTGGC 
TGGCCCAAGCTCAGCGGACTGAGGAAAGGGAEGGGACIGAATGCGGCGGTGGTGA 
CAGTACTTCGCAAAACACCACCATTCCCAGGGTGGTGGAAA; GATACTGGAGCCTACA 
AGTGCTCGTACCGGGACGTCGACATAGCCTCCACGTTARGTCTATGTTCGAGATTACAGA 
ECACCATCATCGCCTCTGCAGTGACCAGCAEGGCACGTGACATCACCGAGAACAAGAA 
CAAAACGGGTGATCCCCIGCCGAGGGCGATTCA AACCT CAATGTGTCTCTTGCGCTA 
GGTATCCAGAAAAGAGATTGTTCCGGATGGAAACAGAATTTCCTGGGACAGCGAGATAGGC 
TAC CTCCCCAGTACAGATCAGCAGCCGGCATGGCTTCTGIGAGGCAAAGATCAA 

TGATGAAACCTATCAGTCTATCATGTACATAGTTGGGTTGTAGGATATAGGATTTAGATG 
TGATTCTGAGCCCCCCGCATGAAATGAGCTATCTGCCGGAGAAAAACTTGCTTAAATGT 
ACAGCGAGA ACAGAGCCAAGGGGGCGATTCACCTGGCACTCTCCACCCAAAGIC 
TCATCATAAGAAGATTGAAACCGGGATGTGAAACCCTTCCTGGGACTGTGGCGAAGATGT 
TTTGAGCACCTTGACAAAGAAAGGGACCAAGAGTGACCAAGGGGAATACACCTGTGTA 
GCGTCCAGGGACGGAGATCA AGAGAAAAGAACAGCCGAGTTCACACAAAGCCT 
TATTGCTTTCGGTAGTGGGATGAAAEC: TGGTGGAAGCCACAGGGGCAGTCAAGCCGAA 
TCCCTGTGAAGTATCTCAGETACCCAGCTCCTGATATCAAATGGTACAGAAATGGAAGGCCC 
ATTGAGTCCAACTACACAAGATTGGGCGATGAACCACCACAGGAAGIGACTGAAAG 
AGATGCAGGAAACTACACGGTCATCCTCACCAACCCCATTTCAATGGAGAAACAGAGCCACA 
TGGTCTCTCTGGTTGTGAATGTCCCACCCCAGATCGGTGAGAAAGCCTTGACTCGCCTATG 
GATTCCTACCAGATGGGACCATGCAGACATGACAGCACAGCTACGCCAACCCCCCC 
GCACCACACCAGGGACTGGCAGCTAGAAGAAGCCTGCTCCACAGACCCGGCCAAACAA 
GCCCGTAGCGAAAGAAGGAGACACGGGAGGATTCCAGGGGGGAAACAAGATCGAA 
GTCACCAAAAACCAATAGCCCTGATTGAAGGAAAAAACAAAACTGTAAGTACGCTGGCA 
CCAAGCTGCCAACGGTCAGCGTGTACAAATGGAAGCCATCAACAAAGCGGGACGAGGAG 
AGAGGGTCACCCTCCATGEGACAGGGGCCGAAATTACTGTGCAACCGCGCCCAG 
CCAACTGAGCAGGAGAGTGTGTCCCTGTGGCACTGCAGACAGAAATACGTTTGAGAACCT 
CACGTGGTACAAGCTGGCTCACAGGCA ACACGGTCCACAGGGCGAACACTCACACCAG 
TTGCAAGAACTTGGATGCTCETTGGAAACE GAATGGCACCAG," CTAACAGCACAAAT 
GACATCTTGATTGTGGCATTTCAGAAGCCTCTCTGCAGGACCAAGGCGACTATGTTTGCTC 
TGCTCAAGATAAGAAGACCAAGAAAAGACATTGCCTGGTCAAACAGCCACAICCTAGGA 
GGAGGCACCCGGGGACAGAAPGCAAGCC& 
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ATGCAGAGCAAGGTGCTGCTGGCCGTCGCCCTGTGGCTCTGCGTGGAGACCCGGGCCGCCTC 
TGTGGGTTTGCCTAGTGTTTCTCTTGATCTGCCCAGGCTCAGCATACAAAAAGACATACTTA 
CAATAAGGCTAATACAACTCTTCAAATTACTTGCAGGGGACAGAGGGACTTGGACTGGCTT 
TGGCCCAATAATCAGAGTGGCAGTGAGCAAAGGGTGGAGGTGACTGAGTGCAGCGATGGCCT 
CTTCTGTAAGACACTCACAATTCCAAAAGTGATCGGAAATGACACTGGAGCCTACAAGTGCT 
TCTACCGGGAAACTGACTTGGCCTCGGTCATTTATGTCTATGTTCAAGATTACAGATCTCCA 
TTTATTGCTTCTGTTAGTGACCAA CATGGAGTCGTGTACATTACTGAGAACAAAAACAAAAC 
TGTGGTGATTCCATGTCTCGGGTCCATTTCAAATCTCAACGTGTCACTTTGTGCAAGATACC 
CAGAAAAGAGATTTGTTCCTGATGGTAACAGAATTTCCTGGGACAGCAAGAAGGGCTTTACT 
ATTCCCAGCTACATGATCAGCTATGCTGGCATGGTCTTCTGTGAAGCAAAAATTAATGATGA 
AAGTTACCAGTCTATTATGTACATAGTTGTCGTTGTAGGGTATAGGATTTATGATGTGGTTC 
TGAGTCCGTCTCATGGAATTGAACTATCTGTTGGAGAAAAGCTTGTCTTAAATTGTACAGCA 
AGAACTGAACTAAATGTGGGGATTGACTTCA ACTGGGAATACCCTTCTTCGAAGCATCAGCA 
TAAGAAACTTGTAAACCGAGACCTAAAAACCCAGTCTGGGAGTGAGATGAAGAAATTTTTGA 
GCACCTTAACTATAGATGGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTGCAGCATCC 
AGTGGGCTGATGACCAAGAAGAACAGCACATTTGTCAGGGTCCATGAAAAACCTTTTGTIGC 
TTTTGGAAGTGGCATGGAATCTCTGGTGGAAGCCACGGTGGGGGAGCGTGTCAGAATCCCTG 
CGAAGTACCTTGGTTACCCACCCCCAGAAATAAAATGGTATAAAAATGGAATACCCCTTGAG 
TCCAATCACACAATTAAAGCGGGGCATGTACTGACGATTATGGAAGTGAGTGAAAGAGACAC 
AGGAAATTACACTGTCATCCTTACCAATCCCATTTCAAAGGAGAAGCAGAGCCATGTGGTCT 
CTCTGGTTGTGTATGTCCCACCCCAGATTGGTGAGAAATCTCTAATCTCTCCTGTGGATTCC 
TACCAGTACGGCACCACTCAAACGCTGACATGTACGGTCTATGCCATTCCTCCCCCGCATCA 
CATCCACTGGTATTGGCAGTTGGAGGAAGAGTGCGCCAACGAGCCCAGCCAAGCTGTCTCAG 
TGACAAACCCATACCCTTGTGAAGAATGGAGAAGGTGGAGGACTTCCAGGGAGGAAATAAA 
ATTGAAGT'TAATAAAAATCAATTTGCTCTAATTGAAGGAAAAAACAAAACTGTAAGTACCCT 
TGTTATCCAAGCGGCAAATGTGTCAGCTTTGTACAAATGTGAAGCGGTCAACAAAGTCGGGA. 
GAGGAGAGAGGGTGATCTCCTTCCACGTGACCAGGGGTCCTGAAAILACTIGCAACCTGAC 
AIGCAGCCCACTGAGCAGGAGAGCGTGTCTTTGTGGTGCACGCAGACAGATCTACGTTTGA 
GAACCTCACATGGTACAAGCTTGGCCCACAGCCTCTGCCAATCCATGTGGGAGAGTTGCCCA 
CACCTGTTTGCAAGAACTTGGATACTCTTTGGAAATTGAATGCCACCATGTTCTCTAATAGC 
ACAAATGACATTTTGATCATGGAGCTTAAGAATGCATCCTTGCAGGACCAAGGAGACTATGT 
CTGCCTTGCTCAAGACAGGAAGACCAAGAAAAGACATTGCGTGGTCAGGCAGCTCACAGTCC 

TAGGTAGGGAGACAATTCTGGATCATTGTGCAGAG&CAGTTGGAATGCCTTAA 
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ATGGCGAGCAAGGGCGCTGGCCGCGCCCTGTGGCTCTCCGTGGAGACCCGGGCCGCCT 
TGTGGGTTGCCTAGTGTTCCTTGATCGCCCAGGCICAGCATACAAAAAGACAIACTRA 
CAATTAAGGCTAATACAACTCTCAAATTACTTG-CAGGGGACAGAGGGACTTGGACTGGC" 
TGGCCCAATAATCAGAGGGCAGTGACCAAAGGGGGAGGTGACIGAGCCACCCAGGCCT 
CitiCEGAAGACACECACAATCCAAAAGGATCGGAAAGACACGGAGCCTACAAGGC 
TCEACCGGGAAACTGACTTGGCCTCGGCATTATGTCTATGTTCAAGATTACAGATCTCCA 
TTIATIGCTICGTAGTGACCAA CATGGAGTCGGTACA ACTGAGAACAAAAACAAAAC 
TGIGGTGATTCCATGICTCGGGTCCATTECAAATCTCAACGTGTCACTTGTGCAAGGACC 
CAGAAAAGAGATTEGTCCTGATGGTAACAGAATTCCTGGGACAGCAAGAAGGGCTTTACT 
ATTCCCAGCTATATGATCAGCTATGCTGGCATGGFCTTCTGTGAAGCAAAAAITAATGATGA 
AACTTACCACTCTATTAGACAFAGTGTGGTTGTAGGGIATAGGATRATGAGGGTTC 
TGAGTECCGECCATGGAGTGAACTACTGGGAGAGA AGCIGICTAAATGTACAGCA 
AGAACTGAACTAAAGGGGGATTGACCAACTGGGAATACCCTCTCCAAGCACAGCA 
TAAGAAACTTGAAACCGAGATCTAAAAACCCAGICTGGGAGIGAGAGAAGAAAIGA 
GCACCTTAACTATACAICGTGTAACCCGGAGTGACCAAGGATTGTACACCTGTGCAGCGTCC 
AGGGGCTGAGACCAAGAAGAACAGCACAGECAGGGTCCATGAAAAACCTTGTCC 
TTETGGAAGGGCATGGAAICCTGGGGAAGCCACGGTGGGGGAGCGTGICAGAATCCCTG 
TGAAGTACCTTGGTTACCCGCCCCCAGAAATAAAAIGGTATAAAAATGGAATACCCCTTGAG 
CCAAECACACAGAAAGIGGGGCATGGCEGACGAICAGGAAGGAGCCAAAGAGACAC 

AGGAAATTACACTGICAICCTTACCAATCCCAETTCAAAGGAGAAGCACAGTCACGTGGCT 
CCGGTGIGAIGICCCACCCCAGAGGGAGAAATCCTGAICTCTCCTCTCCATCC 
TACCAGTACGGCACCACCAAACGCGACATGTACGCCACCCATCCTCCCCCGCATCA 
CATCCACGGTATTGGCAGTTGGAGGAAGAGTGCCCCAA CGAGCCCAGCCAAGCTGICTCAG 
EGACAAACCCAEACCCTTGIGAAGAAGGAGAAGTGTGGAGGACECAGGGAGGAAAAAA 
ACAAGCAATAAAAACAATCGCCTAATGAAGGAAAAAACAAAACAAG ACCC 
IGTATCCAAGCGGCAAATGGTCAGCTGACAAAGEGAAGCGGTCAACAAAGTCGGGA 
GAGGAGAGAGGGGATCTCCTCCAGACCAGGGGCCTGAAATTACTRTGOAACCTGAC 
GCACCCCACCAACAGGACACCGGTCTTGGGGCACGCACACAAACTACAGA. 

GAACCACAEGGACAAGCIGGCCCACAGCCTCGCCAGCCAGGGGAGAGGCCCA. 
CACCTGIGCAAGAACTTGAACTCTCCAAATCAAGCCACTATATCCTAAAGC 
ACAAATGACATTTTGATCATGGAGCTTAAGAATGCAECCTGCAGGACCAAGGAGACIATGT 
CTGCGTGCCAAGACAGGAAGACCAAGAAAAGACATTGCGIGGTCAGGCAGCCACAGTCC 
TCGGEAGGGAGACAATTCEGGATCATEGTG'EAGGGGCAGT'EGGAAIGCCTTAA 
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AGGAGACCAGGGCGCGCTACCGCGCCGGGCGCGGGACACCCGAGCCGCCC 
GTGGGTTTGCCTGGCGAICCCCCATCCACCCAAGCCAGCACACAAAAAGACAACTA. 
CAATTCGCAAAACAACCCCAGAACTCCAGGGGACAGAGGGACCGGATGGCIT 
TGGCCCAACACCCGCGTGACTCGAGGAAAGGGGTTGGTGACGAGGTGGCGACACTAT 
CTCGCAAGACACTCACAGTCCCAGAGGGTTGGAAATGAACTGGAGCCACAAGIGCT 
ICTATCGGGACACCGATGCTCCTCCACGTTTAIGCTAGTTCAAGACACAGCCACCA. 
TTCACGCCTCGTCAGTGACGAGCAGGCATCGGTACACACTGAGAACAAGAACAAAAC 
TCCGTGAICCCAGCCGA.GGGTCGATTCAAACCCAACGTGICACTTTGIGCTAGGATC 
CAGAAAAGAGATTGTCCGGATGGAAACAGAATTTCCTGGGACAGCGAGAAAGGCTTTACT 
ATCCCCAGACAGATCAGCTAGCCGGCAGGCTCGGAGGCAA AGATAATGAGA 
AACGEATCAGICTATCATGTACAAGTTCTGGTTGTAGGATATAGGATTATGAGTGGTCC 
TGAGCCCCCCTCATGAAATTGAGCTATCGCCGGAGAAAAGCTGTCTTAAATTGTACAGCA 
AGAACAGAGCCAACGGGGGCTGACACCGGCAAICCCGTCCCAAAGCACAGCA 
TAAGAAGATTGAAACCGGGAGGAAAICCCCCGGGACTGGGCAAAGAIGCTTGA 
GCACCTGACCAAGACAGIGIGACCAAGAGEGACCAAGGAGAATACACCGCACAGCGIAC 
AGIGACTGATGACCAAGAAAAAAAAACAEGTCCGAGE CATACAAAACCITATIGC 
TGGTAGCGGGAGAAATCGGGGAAGCCACEGGGGCAGCCAAGCCGAAICCCTG 

TGAAGTA ICTCAGTEACCCAGCCCGAEACAAAEGGACAGAAAIGGACGACCCAI"IGAG 
TCCAA"ACACAATGACGGGGATGAACCACCACAEGGAAGIGAGGAAAGAGATGC 
GGGAAACACACGGCACCCACCAACCCATCAAGGAGAAACAGAGCCACATGGTCI 
CICIGGTGTGAA'GT'CCACCCCAGARCGGGAGAAAGCCTTGATCTCCCTATGGATTCC 
TACCAGEAGGCACCAGCAGACGCSGACAGCACAGTCAGCCAACCCCCCCTGCACCA. 
CATCCAATGGEACEGGCAGCAGAAGAAGCAGCCCTACAGGCCCAGCCAAACAAACCCAT 
ATAC GTAAAGAAGGAGACACGGAAGGACCAGGGGGGAAAAAGATCGAAGTCACC 
AAAAACCAAATGCCCTAAGAAGGAAAAAACAAAACGTAAG ACCEGGICATCCAGGC 
"GCCTACGTGCCGCAEAACAAATGGAAGCCACAACAAAGCAGGACGAGGAGAGAGGG 
CATCTCCTCCAGTGATCAGGGGCCTGAAATTACTGTCCAGCCGCTACCCAGCCAACC 
GAGCGGGAGAGTAGTCTATGGCACIGCAGAAGAAACACGTGAGAACCTCACGTG 
GTACAAGCTTGGCECACAGGCAACA: CGGTCCACAGGGCGAATCACTCACACCAGTTTGCA 
AGAACGGACGCCTGGAAACEGAATGGCACCGGTTTCTAACAGCACAAACGACAC 
ITGATGTGGCATICCAGAATGCCCCCTGCAGGACCAAGGCAACTATGTCGCCTGCTCA 
ACACAAGAAGACCAAGAAAAGACAGCCAGICAAGCAGCTCGCATCCTAGGATGGAGG 

GAccCCTGGTTGATGGGGTTGCAATGCCTTAA 
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ATGGAGAGCAAGGCGCTGCTGGCCCTTGCTCTGTGGCTCTGCGTGGAGACCCGGGCTGCCTC 
TGTGGGTTTTTCTAGTGTTTCCCTTGATCCCCCCAGGCTCAGCATCCAAAAACACATACTTA 
GAGTTATGGCTA ACACAACGCTTCAGATTACTTGCAGGGGTCAGAGGGACTTGCAGTGGCTC 
TGGCCCAACAATCAGAGCAGCTCTGAGAAAAGAGTGGAGGTCACAGACTGCAGTGATGGCGT 
CTTCTGTAAGATGCTCACAATTTCAGAAGTGATTGGAAATGATACTGGAGCCTACAAGTGCT 
TCTACCAGGACACTGACATGGGCTCCGTTCTTTATGTGTATGTTCAAGATTACAGGTCTCCG 
TTTATTGCTTCTGTTAGCGACCAGCATGAAGTTGTGTACATCACTGAGAACAAAAACAAAAC 
TGTGGTGATTCCGTGTTTGGGGACTGTTTCAGACCT CAATGTGTCACTCTGTGCAAGGTATC 
CAGAAAAAAGATTTGTACCTGATGGTAACAGAATTTCCTGGGACAGCCAGAAAGGCTTCAGT 
ATTCCCAGCTATATGATCAGTTATGCTGGCGTGGTCTTCTGCGAAGCAAAAATCAATGATGA 
AAGTTACCAGTCTATTATGTACATAATTGTGGTTATAGGGTACAAGATTTATGATGTGGTTC 
TGAGCCCCCCTCACGGAGTCGAGCTGTCTGTTGGAGAGAAGCTCATCTTAAACTGTACGGCA 
AGAACTGAGCTAAATGTGGGGATCGACTTCCACTGGGAATACCCTTCTTTGAAGCATCAGCA 
TAAAAAACTTATAAACCGGGACCTAAAAACCCAGTCTGGGACTGAAATGAAGAAGTTTTTGA 
GCACCTTGACTATAGATGGTGTAACCCGGAGTGACCAGGGGTGGTATATCTGTGCAGCTTCC 
AGTGGGCTGATGACCAAGAAGAACAGCACGTTTGTCCGGGTACATGAAAAGCCTTTTGTTGC 
TTTCGGTAGGGCAEGGAATCCGGGGAAGCCACCGTGGGGGAACGGGAGAGTCCCTG 
TCAAGTACCTGGTTACCCTCCTCCAGAAATAAAATGGTATAAAAATGGAAGACCCATTGAG 
TCCAATCACACAGTTAAAGTGGGACATGTGCTGACTATTATGGAAGTGAGTGAGAAAGATAC 
AGCAAATTACACTGTCATTCTTACCAATCCCATTTCAAAGGAGAAACAGAGCCACATGGTAT 
CTCTGGTGGTGAATGTCCCACCTCAGATTGGTGAGAAATCTCTGCTGTCTCCCGTGGACTCT 
TACCAGTACGGCACTTCCCAAACGCTGACGTGCACGGTCTACGCCGTTCCTCCCCCAAGTCA, 
CATTCGCTGGTACTGGCAGCTGGAGACGGAGTGCACCTACCAGCCCACCCTCACTGCCTTAA 
CGACAAACCCATACACTTGTA AGGAATGGAGAAACGTGGAGGACTTCCAGGGGGGAAACAAA 
ATCGAAGTCAACAAAAATCAGATTGCCCTAATTGAAGGAAGAAACAAAACTGTAAGTACTCT 
TGTTATCCAAGCGGCCAATGTGTCTGCTTTGTATAAATGTGAAGCAGTGAACAAAGCTGGAA 
GAGGAGAGAGGGTTATCTCCTCCATGTGACCAGGGGTCCTGAAATCACACTGCAACCTGGC 
ATCCAGCCCACCGAGCAGGAGAATGTGTCTCTGTGGTGCTCGCGGACAGAACTATGTTTGA 
GAACCTCACGTGGTACAAACTCGGCCCACAGGCCCTGCCCATCCACATGGGCGATTTACCCA 
CACCTGTCTGCAAGAACTTGGATGCTCTTTGGAAAATGAATGCCACCATGAACTCTAACGGC 
ACAAATGACATCTTGACTTGGAGCTGCAGAATGCATCCTTGCAGGACCAAGGAGACIA GT 
CTGCTTTGCTCAGGACAGGAAGACTAAGAAAAGACATTGTGTGGCCAGGCAGCTCACAGTCC 

TAGGTAGGGCAGTCACTCTGGACCATCCAGAGGCAGTTGGGTTGCCTTC&TGTAA 
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Figure 15 
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Figure 18 
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Figure 19 
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Figure 20 
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Figure 2 
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SVEGFR-2 AND ITS ROLE IN 
LYMPHANGOGENESIS MODULATION 

FIELD OF THE INVENTION 

The invention relates to therapeutic and diagnostic uses of 
soluble vascular endothelial growth factor receptor 2. 

BACKGROUND OF THE INVENTION 

The homeostatic mechanisms underlying the absence of 
vasculature (blood and lymphatic vessels) in the human and 
mouse cornea are remarkably intriguing given the highly 
vascularized nature of the neighboring tissues, such as the 
ocular conjunctiva. This avascular disposition makes the cor 
nea an important angiogenesis assay platform (Gimbrone et 
al., J. Exp. Med., 136(2): p. 261-76, 1972) allowing scientists 
to study the pro- and/or anti-angiogenic effects of several 
compounds in vivo. More than serving as the basis for an 
angiogenesis assay model, the phenomenon of corneal avas 
cularity serves essential physiological functions. Corneal 
neovascularization precludes optimal vision and compro 
mises corneal immunological privilege. 

In 1905, ophthalmologist Edward Zim performed the first 
corneal transplant in a human subject (Moffatt et al., Clin. 
Experiment. Opthalmol., 2005.33(6): 642-57, 2005). Since 
then, corneal transplants have become the most common type 
of solid organ transplantation in the world. Nearly 46,000 
corneal transplants are performed yearly in the United States. 
In addition to being the most prevalent, corneal allograft 
transplantation is also the most Successful intervention 
among other commonly transplanted organs. However the 
long-term outcome of this intervention is greatly influenced 
by pre-operative risk factors, with corneal neovascularization 
(high-risk group) being an important negative predictor of 
corneal allograft survival. While graft survival is approxi 
mately 90% in the low-risk group (no pre-operative inflam 
mation or neovascularization) these numbers drastically fall 
to roughly 35% in the high risk group (Williams et al., Trans 
plant. Proc., 29(1-2): 983, 1997). 

While the absence of blood and lymphatic vessels in the 
cornea is known to play a critical role in maintaining its 
immune privilege (Cursiefen et al., Cornea, 22(3): 273-81, 
2003), other immune-protective mechanisms have been 
described. One such mechanism is referred to as anterior 
chamber-associated immune deviation (ACAID). ACAID is 
regarded as the ability of antigen presenting cells and antigens 
from anterior chamber associated tissues (i.e., cornea) to 
directly enter the blood circulation through the trabecular 
meshwork, homing to the spleen where immune tolerance is 
induced (Wilbanks et al., Immunology, 71 (4): 566-72, 1990; 
Wilbanks et al., Immunology, 71(3):383-9, 1990; Niederkorn 
et al., Invest. Opthalmol. Vis. Sci., 37(13): p. 2700-7, 1996). 
Additionally, tissues from the anterior segment of the eye 
have been reported to express a protein named Fas-ligand 
which induces apoptosis in activated immune cells (Fas-re 
ceptor positive) (Griffith et al., Science, 270(5239): 1189-92, 
1995), thus protecting the cornea from damage by activated 
lymphocytes. These mechanisms are thought to collectively 
down-regulate inflammation in the corneatherefore preserv 
ing corneal clarity which is essential for optimal vision. 

Major advances in the study of corneal lymphangiogenesis 
have taken place since the discovery of VEGFR-3 and its 
ligands VEGF-C and VEGF-D (Kaipainen et al., Proc. Natl. 
Acad. Sci. U.S.A., 92(8): 3566-70, 1995: Joukov et al., Embo. 
J., 15(2): 290-98, 1996; Achen et al., Proc. Natl. Acad. Sci. 
U.S.A., 95(2): 548-53, 1998). The identification of specific 
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2 
cellular markers preferentially expressed by lymphatic endot 
helial cells, such as LYVE-1 (Banerji et al., J. Cell. Biol. 
144(4): 789-801, 1999), Prox1 (Wigle et al., Cell, 98(6): 
769-78, 1999) and podoplanin (Breiteneder-Geleffet al., Am. 
J. Pathol. 151(4): 1141-5212, 1997), have also propelled 
great advances to the field of lymphangiogenesis. The growth 
of lymphatic vessels into the cornea generally occurs after 
corneal injury and inflammation, which in turn is associated 
with increased levels of VEGF-C (Jiang et al., J. Huazhong 
Univ. Sci. Technolog. Med. Sci., 24(5): 483-5, 2004; Kure et 
al., Invest. Opthalmol. Vis. Sci., 44(1): 137–44, 2003). The 
newly formed lymphatic vessels are thought to permit an 
outwards route through which corneal transudate and APCs 
are carried from the interstitial space into the lymphatic sys 
tem and later back into the blood circulation. This drainage 
pathway becomes extremely deleterious in the context of 
corneal transplantation. Under these circumstances, the alter 
native route bypassing the standard outflow pathway (i.e. 
trabecular meshwork in the anterior chamber) allows for 
antigens from the donor cornea to escape through the lym 
phatic system and into the draining lymph node where a graft 
rejection reaction is initiated (Yamagami et al., Cornea, 21 (4): 
405-9, 2002; Liu et al., J. Exp. Med., 195(2): 259-68, 2002). 
By targeting corneal angiogenesis with VEGF-A binding 
molecules (VEGF-trap), Cursiefen et al. demonstrated that 
allograft survival was inversely related to the amount of 
neovascularization in the murine corneal transplantation 
model. The significance of this alternate drainage pathway to 
corneal alloimmunity and graft rejection has also been por 
trayed in a study showing that removal of cervical lymph 
nodes significantly increased the graft Survival rates in the 
low and high-risk groups (Yamagami et al., Cornea, 21 (4): 
405-9, 2002; Yamagami et al., Invest. Opthalmol. Vis. Sci., 
42(6): 1293-8, 2001). 
The Surgical procedures used in corneal allograft trans 

plantation require very delicate techniques to prevent adverse 
inflammatory reactions which may compromise outcome. 
The corneal graft is initially attached to the recipients ocular 
surface with the placement of small sutures. Paradoxically, in 
a vastly employed injury animal model of corneal angiogen 
esis, similar intrastromal Sutures are used as a method of 
eliciting blood and lymphatic vessel growth (Sonoda et al., 
Cornea, 24(8 Suppl): S50-S54, 2005). Because suture place 
ment is a requirement for corneal transplantation as well as a 
pro-angiogenic stimulus, it becomes necessary to dissect the 
molecular mechanisms modulating the growth of blood and 
lymphatic vessels under these circumstances. 

Vasculogenesis relates to the embryological and/or post 
natal development of vasculature from bone-marrow derived 
endothelial precursor cells (EPC), whereas angiogenesis is a 
biological process that denotes the formation of vascular 
tissue from pre-existing vessels (Asahara et al., Science, 275 
(5302): 964-7, 1997). Functionally, angiogenesis may be sub 
categorized as hemangiogenesis, the growth of blood vessels; 
and lymphangiogenesis, which stands for the emergence of 
lymphatic vessels. 
The VEGF family of molecules is thus far the most studied 

modulators of angiogenesis. This family of molecules 
includes VEGF, also known as VEGF-A, placental growth 
factor (PLGF), VEGF-B, VEGF-C, VEGF-D and VEGF-E. 
The pro-angiogenic effects of these growth factors are prima 
rily mediated by binding and activation of their cognate 
receptors (VEGFRs). While VEGF-A is capable of binding 
and activating VEGFR-1 and VEGFR-2 (Ferrara et al., Nat. 
Med., 9(6): 669-76, 2003), VEGF-C and VEGF-D signal 
through VEGFR-3 and VEGFR-2 (Adams et al., Nat. Rev. 
Mol. Cell. Biol. 8(6): 464-78, 2007). VEGF-B and PLGF 
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bind exclusively to VEGFR-1 and likewise, VEGF-Ebinding 
is restricted to VEGFR-2. It is important to note that 
VEGFR-1 and VEGFR-2 are primarily expressed in blood 
endothelial cells whereas VEGFR-2 and VEGFR-3 are 
mainly expressed in lymphatic endothelial cells (Karkkainen 5 
et al., Nat. Cell. Biol. 4(1): E2-5, 2002. This is important 
given that VEGF-A largely drives hemangiogenesis while 
VEGF-C mediates lymphangiogenesis. 
VEGFRs are tyrosine kinase-type receptors (RTK) that 

belong to the immunoglobulin (Ig) Superfamily of molecules. 10 
AS Such, they are comprised of 7 Ig-like domains in their 
extracellular segment, a transmembrane domain and an intra 
cellular tyrosine kinase domain. The intracellular signaling 
cascade that follows VEGFRs activation is very complex and 
finely orchestrated. Several intracellular messenger systems 15 
become activated (i.e., PKC, PI3K, Src, MAPK) ultimately 
resulting in endothelial cell migration, proliferation, 
increased Survival (i.e., anti-apoptosis) and increased vascu 
lar permeability (Ferrara et al., Nature, 438(7070): 967-74, 
2005). 2O 
The imperative significance of VEGFs signaling to vascu 

logenesis and angiogenesis was made evident by the obser 
vation that the deletion of vegf-a, vegfr-1, vegfr-2 and vegfr-3 
genes gave rise to lethal phenotypes that transpired at early 
embryonic stages. Abnormal blood vessel development and 25 
lethality were observed when inactivating the vegf-a gene in 
two independent studies (Carmeliet et al., Nature, 380(6573): 
435-9, 1996; Ferrara et al., Nature, 380(6573): 439-42, 1996). 
The targeted deletion of vegfr-1 was associated with abnor 
mal formation of blood vessel channels (Fong et al., Nature, 30 
376(6535): 66-70, 1995), whereas abrogation of vegfr-2 
resulted in failure of blood island formation (Shalaby et al., 
Nature, 376(6535): 62-6, 1995). VEGFR-3 deletion was also 
lethal and associated with aberrant development of large ves 
sels and cardiac failure due to pericardial fluid accumulation 35 
(Dumont et al., Science, 282(5390): 946-9, 1998). 

Site-directed mutagenesis studies (Wiesmann et al., Cell, 
91 (5): 695-704, 1997) and bioengineering of mosaic mol 
ecules (Jeltsch et al., J. Biol. Chem., 281 (17): 12187-95, 
2006) have unveiled critical ligand binding domains for 40 
VEGF-A and VEGF-C to their cognate receptors. Ig-like 
domain 2 of VEGFR-1 and Ig-like domains 2 and 3 of 
VEGFR-2 are critical for VEGF-A binding. VEGF-C, on the 
other hand, requires only Ig-like domain 2 of VEGFR-2 and 
Ig-like domain 1 and 2 of VEGFR-3. 45 
A soluble splicing variant of VEGFR-1 (sVEGFR-1 or 

sELT-1) was first described by Kendall and Thomas (Proc. 
Natl. Acad. Sci. U.S.A., 90(22): 10705-9, 1993). This isoform 
receptor is comprised of the first 6 of the 71 g-like domains 
normally present in the extracellular segment of the mem- 50 
brane bound VEGFR-1. The alternative splicing event that 
gives rise to this soluble isoform takes place in the junction 
between exon 13 and intron 13/14 of VEGFR-1 pre-mRNA. 
In this case, intron 13/14 becomes part of exon 13 and due to 
the presence of an in-frame stop-codon, a truncated (hence 55 
soluble) protein is instead produced. SVEGFR-1 therefore 
has a unique c-terminus that includes 31 amino acids. Since 
the critical VEGF-A binding domain of VEGFR-1 is con 
served in the alternate soluble protein, it avidly binds 
VEGF-A (Kendall et al., Proc. Natl. Acad. Sci. U.S.A., 60 
90(22): 10705-9, 1993). The absence of the transmembrane 
domain and tyrosine kinase domains precludes receptor sig 
naling and SVEGFR-1 is considered an endogenous anti 
angiogenic molecule. Alternative splicing mechanisms simi 
lar to that of SVEGFR-1 are not at all uncommon. In fact, 65 
comparable splicing events are responsible for the generation 
of several other soluble variants derived from membrane 

4 
bound proteins, such as, the alpha Subunit of interleukin-5 
(IL-5) receptor (Tavernier et al., Proc. Natl. Acad. Sci. U.S.A., 
89(15): 7041-5, 1992), immunoglobulin heavy chain (Peter 
son, Immunol. Res., 37(1): 33-46, 2007), fibroblast growth 
factor receptors (Johnson et al., Mol. Cell. Biol., 11 (9): 4627 
34, 1991; Werner et al., Mol. Cell. Biol. 12(1): 82-8, 1992), 
and neuropilin-1 (Gagnon et al., Proc. Natl. Acad. Sci. 
U.S.A., 97(6): 2573-8, 2000). 

Since its discovery in 1993, soluble VEGFR-1 has been 
extensively studied and implicated in several pathological 
states including pre-eclampsia (Tsatsaris et al., J. Clin. Endo 
crinol. Metab., 88(11): 5555-63, 2003), sepsis (Tsao et al. 
Crit. Care Med., 2007), arthritis (Afuwape et al., Gene Ther., 
10(23): 1950-60, 2003) and cancer (Elkin et al., J. Natl. 
Cancer Inst., 96(11): 875-8, 2004). In the cornea, it has been 
shown to exerta critical anti-angiogenic function. SVEGFR-1 
is a key modulator of corneal avascularity, especially due to 
the presence of VEGF-A in the normal uninjured cornea 
(Ambati et al., Nature, 443(7114): 993-7, 2006). 

SUMMARY OF THE INVENTION 

One aspect of the present invention relates to nucleic acid 
molecules comprising the nucleotide sequence set forth in 
SEQID NO: 2, SEQID NO:4, SEQID NO: 6, SEQID NO: 
8, SEQID NO: 10 and variants thereof. Also an aspect of this 
invention are the polypeptides encoded by these sequences 
and variants thereof. 

Another aspect of the invention relates to expression vec 
tors, and host cells transformed or transfected with such 
expression vectors, comprising the nucleic acid molecules 
described above. Host cells transformed or transfected with 
the foregoing expression vectors are also provided. 

In another aspect, the present invention relates to a method 
of inhibiting corneal graft rejection of a donor cornea. The 
method comprises administering an effective amount of 
sVEGFR-2 or to a subject in need thereof. 

Another aspect of the present invention relates to an 
expression vector which, when expressed in a cell, results in 
expression of sVEGFR-2 in the cell. 

In another aspect, the present invention provides a method 
of reducing sVEGFR-2 mRNA in a cell. The method com 
prises delivering to the cell an amount of siRNA targeting 
sVEGFR-2 effective for reducing the level of sVEGFR-2 
mRNA. 

In yet another aspect, the present invention provides a 
method of treating lymphedema. The method comprises 
administering an effective amount of an agent which inhibits 
the activity of sVEGFR-2 to a subject in need thereof. 

In another aspect, the present invention provides an siRNA 
which is capable of reducing the level of sVEGFR-2 mRNA 
in a cell. Another aspect of the present invention provides an 
expression vector comprising a nucleic acid sequence which, 
when expressed in a cell, produces siRNA capable of reduc 
ing the level of sVEGFR-2 mRNA in the cell. 

In still another aspect, the present invention provides a 
method of detecting tumor cell metastasis. The method com 
prises monitoring a tumor cell for expression of sVEGFR-2, 
wherein reduced expression of sVEGFR-2 is indicative of 
tumor cell metastasis. 

Yet another aspect of the present invention provides an 
antibody which specifically binds sVEGFR-2. Another 
aspect of the present invention provides an oligonucleotide 
which specifically hybridizes with mRNA encoding 
SVEGFR-2. 

In another aspect, the present invention provides a method 
for screening for a compound that interacts with sVEGFR-2. 
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The method comprises contacting sVEGFR-2 polypeptide or 
binding fragment thereof with a test compound, and deter 
mining if a complex is formed between sVEGFR-2 polypep 
tide or binding fragment thereof and the test compound. 

Another aspect of this invention is a method for inhibiting 
lymphangiogenesis by contacting a Subject or tissue in need 
thereof with an effective amount of SVEGFR-2. 

Another aspect of this invention is a method for inhibiting 
lymphatic epithelial cell proliferation by contacting the cells 
with an effective amount of the sVEGFR-2. 

Other methods, features and advantages of the present 
invention will be or become apparent to one with skill in the 
art upon examination of the following detailed descriptions. It 
is intended that all such additional methods, features and 
advantages be included within this description, be within the 
Scope of the present invention, and be protected by the accom 
panying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the nucleotide sequence (SEQ ID NO:1) 
corresponding to the mRNA of murine VEGFR2, including 
5'UTR and 3'UTR (both underlined). 

FIG. 2 shows the nucleotide sequence (SEQ ID NO:2) 
corresponding to the coding sequence of murine sVEGFR-2 
mRNA, with the unique bases at the 3' end being highlighted. 

FIG. 3 shows the deduced protein sequence (SEQ ID 
NO:3) of murine sVEGFR-2, with the unique carboxy termi 
nal amino acids being highlighted. 

FIG. 4 shows the nucleotide sequence (SEQ ID NO:4) 
corresponding to the coding sequence of human sVEGFR-2 
mRNA, with the unique bases at the 3' end being highlighted. 

FIG. 5 shows the deduced protein sequence (SEQ ID 
NO:5) of human sVEGFR-2, with the unique carboxy termi 
nal amino acids being highlighted. 

FIG. 6 shows the deduced nucleotide sequence (SEQ ID 
NO:6) corresponding to the coding sequence of Macaca 
mulatta (rhesus monkey) sVEGFR-2 mRNA, with the unique 
bases at the 3' end being highlighted. 

FIG. 7 shows the deduced protein sequence (SEQ ID 
NO:7) of Macaca mulatta (rhesus monkey) sVEGFR-2, with 
the unique carboxy terminal amino acids being highlighted. 

FIG. 8 shows the deduced nucleotide sequence (SEQ ID 
NO:8) corresponding to the coding sequence of Rattus nor 
vegicus (rat) sVEGFR-2 mRNA, with the unique bases at the 
3' end being highlighted. 

FIG. 9 shows the deduced protein sequence (SEQ ID 
NO:9) of Rattus norvegicus (rat) sVEGFR-2, with the unique 
carboxy terminal amino acids being highlighted. 

FIG. 10 shows the deduced nucleotide sequence (SEQ ID 
NO:10) corresponding to the coding sequence of Bos taurus 
(cow) sVEGFR-2 mRNA, with the unique bases at the 3' end 
being highlighted. 

FIG. 11 shows the deduced protein sequence (SEQ ID 
NO:11) of Bos taurus (cow) sVEGFR-2, with the unique 
carboxy terminal amino acids being highlighted. 

FIG. 12 shows the unique 3' end sequences for sVEGFR-2 
mRNA from mouse, human, rhesus monkey, rat and cow. 

FIG. 13 shows the unique carboxy terminal amino acid 
residues for sVEGFR-2 polypeptides from mouse, human, 
rhesus monkey, rat and cow. 

FIG. 14 shows a (A) representation of the alternative splic 
ing event giving rise to sVEGFR-2, and (B) PCR products 
(393 bp) depicting the presence of a sVEGFR-2 splicing 
variant in the mouse cornea and lung. (black exons; 
gray-intron 13-14) 
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FIG. 15 shows a schematic representation of the mRNA 

structures and alignment between the membrane bound (mb) 
VEGFR-2 and soluble (s)VEGR-2 along with the results of 
3"RACE PCR showing that Poly A3 is the active polyadeny 
lation signal in the sVEGFR-2 mRNA (bottom right figure). 
Panel on left depicts PCR cloning of the entire sVEGFR-2 
ORF (lane 1 and 2). M=marker; lane 3-negative con 
trol: *-cloned fragment of ORF within dotted box. 

FIG.16 shows an increase in intensity of PCR product band 
corresponding to sVEGFR-2 (sflk-1) 1 (d1), 2 (d2) and 5 (d5) 
days after Suture placement relative to a house keeping gene 
(GAPDH). 

FIG. 17 shows Western blotting of lung, and untreated and 
Sutured cornea, with antibody targeting the extracellular 
domain of VEGFR-2. 

FIG. 18 shows Western blotting under reducing conditions 
for detection of 80 kDa immunoreactive band in untreated 
and Sutured cornea, and non-metastatic and metastatic LnCap 
cells. 

FIG. 19 shows Western blotting under reducing conditions 
for detection of 80 kDa immunoreactive band in pCRE 
treated eyes compared to pNulltreated eyes in vegfr-2'' 
mice 10 days after suture. 

FIG. 20 illustrates corneal flat mounts showing suture 
induced corneal lymphangiogenesis (lyve-1 (+) staining) in 
corneas of vegfr-2'-' mice injected with pNull versus 
pCRE 14 days post-suture. 

FIG. 21 shows Suture-induced corneal lymphangiogenesis 
(lyve-1 (+) staining) in corneal flatmounts of wild-type and 
vegfr-2'-' mice injected with pCRE versus 
pNull. (*=p<0.05; Wilcoxon sign rank test), values expressed 
as median%, error bars depict 95% CI. 

FIG. 22 illustrates that transfection of corneal epithelial 
cells with a naked plasmid coding for sVEGFR-2 (ps 
VEGFR-2) is associated with diminished suture-induced 
lymphangiogenesis compared with transfection with a con 
trol empty plasmid (pNull) (n=8; *P<0.05). 

FIG. 23 shows that preemptive administration of 
sVEGFR-2 into the cornea significantly increases corneal 
allograft survival (n=10-12: *P<0.05) and prevents lymphatic 
vessels from crossing the interface between the graft and its 
bed (recipient corneal rim). 

FIG. 24 shows that sVEGFR-2 blocked lymphangiogen 
esis induced by mouse VEGF-C and human VEGF-D, but not 
by mouse VEGF-D. Corneal area occupied by lymphatic 
vessels (LYVE-1+) induced by pmVEGF-C and phVEGF-D 
injection in wild-type mouse corneas was reduced by 
psVEGFR-2 compared to pNull; however, psVEGFR-2 did 
not inhibit pmVEGF-D induced lymphangiogenesis. (NS, 
not significant: *, P<0.05: Significance by Mann Whitney U 
test. n=4. Error bars depicts.e.m.) 

FIG. 25 (A) pCre-injected R2/loxP corneas showed 
increased area of lymphangiogenesis (LYVE-1+-grey) com 
pared to pNull (*P-0.05, Significance by Mann Whitney U 
test, n=5). Hemangiogenesis (CD31+/LYVE-1-) (black) was 
unaffected by pCre compared to pNull. pCretreatment did 
not alter the hemangiogenic (black) or lymphangiogenic 
(grey) response in Balb/C wild-type (WT) mice (n=5-6); (B) 
Corneal area occupied by blood vessels (CD31+/LYVE-1-, 
black bar) was not affected by psvEGFR-2 compared to 
pNull; however, the area occupied by lymphatic vessels 
(LYVE-1+, grey bar) was significantly reduced by 
psVEGFR-2 (*P-0.05, Significance by Mann Whitney U 
test, n=5). Error bars depicts.e.m. 

FIG. 26: SVEGFR-2 reduces lymphatic invasion into and 
rejection of corneal allografts. (A) Kaplan-Meier survival 
curves show increase in allograft survival in BALB/c hosts 
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(P<0.05, n=10-13) treated with single intracorneal injection 
of dimeric VEGFR-2/Fc (blue) or monomeric sVEGFR-2 
(red) compared to IgG/Fc (green) or untreated (dotted line) 
groups. (B) Representative corneal flat mounts of trans 
planted mouse corneas showing the incursion of CD31"/ 
LYVE-1 (red) blood and LYVE-1" (green) lymphatic ves 
sels through the recipient-donor interface (dotted-line) in 
corneas treated with IgG/Fc (right). Center picture shows the 
absence of lymphatic vessels in the allograft from cornea 
treated with a single injection of monomeric sVEGFR-2, 
despite abundant blood vessel incursion. On the left, repre 
sentative flat mount showing that a single injection of dimeric 
VEGFR-2/Fc inhibited incursion of both blood and lym 
phatic vessels. 

FIG. 27 demonstrates sVEGFR-2 abolishes proliferation 
of human lymphangioma endothelial cells. VEGF-C-induced 
proliferation of lymphatic endothelial cells isolated from two 
children with 24 lymphangioma was abolished by sVEGFR-2 
(25 g/ml). (a, Patient #1 is a 10-month old child; b, Patient 
#2 is a 4-month-old child; n=6-9. (NS, not significant: * , 
P<0.05: Significance by Mann Whitney U test. Error bars 
depict S.e.m.) 

FIG.28 depicts a northern blot using poly(A) positive RNA 
from various mouse organs revealed a 4 kb band correspond 
ing to SVegfr2 and demonstrates that Vegfr2 expression is 
widespread. 

FIG. 29 demonstrates the loss of sVegfr2 in the skin 
induces lymphatic hyperplasia. (A) Skin area occupied by 
blood vessels (CD31+/LYVE-1-, black bars) was unaffected 
by loss of sVEGFR-2; however, the area occupied by lym 
phatic vessels (LYVE-1+, grey bars) was increased in P0 
K14Cre/Vegfr2'-' mice compared to littermate controls. 
(B) Lymphatic endothelial cell (LEC) density, quantified by 
number of Prox1 + (black) nuclei per 100 um of lymphatic 
vessel (LYVE-1+, grey) length, is increased in P0 K14Cre/ 
Vegfr2''' mice compared to littermate controls. (C) 
Quantitative branch point analysis of LYVE-1 + lymphatic 
vessels per unit area (750 umx750 um) showed no difference 
between K14Cre/Vegfr2'-' mice and littermate controls. 
(b.de) (NS, not significant: *, P<0.05: Significance by Mann 
Whitney U test. n=14 (A), n=12 (B), n=8 (C). Error bars 
depict S.e.m.) 

FIG. 30 demonstrates sVEGFR-2 is produced by blood 
endothelial cells (BECs) and skin epithelium and circulates in 
plasma: (A) Depicts representative western blots of mouse 
plasma immunoprecipitated with an antibody against the 
amino terminus of VEGFR-2 (N) and immunoblotted with 
either anti-VEGFR-2 (N: left), or anti-sVEGFR-2 (C: right) 
revealed identical immunoreactive species. These species 
were not detected by immunoblotting using an antibody 
against the carboxyl terminus of mbVEGFR-2 (C: center); 
(B) Depicts PCR amplification of sVegfr2 mRNA using 
cDNA derived from mouse lymphatic endothelial cells 
(LECs) and mouse BECs isolated from the brain (Bend3), 
Skin (Py4) and pancreas (MS1) showing higher expression of 
sVEGFR-2 in BECs compared to LECs. Adjacent lane (HO) 
shows template negative control. Gapdh was loading control 
(lower band), n=5; (C) Depicts that ELISA corroborates PCR 
data by showing that sVEGFR-2 protein is secreted by blood 
endothelial cells, but not lymphatic endothelial cells, n=3. 
Immunofluorescence revealed sVEGFR-2 expression by the 
pulmonary microvasculature (CD31+ vessel) (data not 
shown); (D) Demonstrates that ELISA reveals reduced 
sVEGFR-2 levels in plasma of K14Cre/Vegfr2''' mice 
compared to its littermate controls. *, P<0.05: Significance 
by Mann Whitney Utest. n=16. Error bars depicts.e.m. (c.e). 
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FIG. 31 is a nucleotide sequence corresponding to the 

sVEGFR-2 mRNA sequence including 5' and 3' untranslated 
region (UTR) (lowercase), open-reading frame (ORF) (up 
percase) SEQID NO: 48. Exon boundaries are indicated by 
vertical lines (I). Novel 3' end of exon 13 shown in red. Red 
bar () shows alternative splicing site. Sequences targeted by 
primers underlined by arrow (forward I) (reverse -). Blue 
arrows sVegfr2 primer set for RT-PCR. Orange arrows 
sVegfr2 primer set used for real-time PCR. Green arrows 
correspond to primer set used to clone the ORF of sVegfr2. 
Polyadenylation signal site is highlighted in yellow 

DETAILED DESCRIPTION OF THE INVENTION 

Before the present compositions and methods are 
described, it is to be understood that the invention is not 
limited to the particular methodologies, protocols, assays, 
and reagents described, as these may vary. It is also to be 
understood that the terminology used herein is intended to 
describe particular embodiments of the present invention, and 
is in no way intended to limit the scope of the present inven 
tion as set forth in the appended claims. 

It must be noted that as used herein and in the appended 
claims, the singular forms “a,” “an,” and “the include plural 
references unless the context clearly dictates otherwise. 

Unless defined otherwise, all technical and scientific terms 
used herein have the same meanings as commonly under 
stood by one of ordinary skill in the art to which this invention 
belongs. All publications cited herein are incorporated herein 
by reference in their entirety for the purpose of describing and 
disclosing the methodologies, reagents, and tools reported in 
the publications that might be used in connection with the 
invention. Nothing herein is to be construed as an admission 
that the invention is not entitled to antedate such disclosure by 
virtue of prior invention. 
VEGFR-2 is a cell surface receptor tyrosine kinase for 

VEGF that mediates angiogenesis. The present inventors 
have discovered that alternative splicing of the VEGFR-2 
pre-mRNA results in production of an mRNA which directs 
the synthesis of a soluble protein, designated as sVEGFR-2. 
The present inventors have further determined that 
sVEGFR-2 modulates lymphatic vessel growth, such as in the 
cornea, and is also a marker of metastatic cancer, such as 
metastatic prostate cancer. 

In particular, the present inventors have discovered a novel 
mRNA transcript that encodes a soluble variant of vascular 
endothelial growth factor receptor-2 (sVEGFR-2) in which 
intron 13-14 is not spliced out of the transcript during mRNA 
maturation and gives rise to a unique exon 13 and 3' untrans 
lated region on this alternative transcript. The nucleic acid 
sequence corresponding to the complete murine mRNA 
sequence for sVEGFR-2, including the 5' UTR and 3'UTR, is 
shown in FIG. 1. The coding portion of the murine 
sVEGFR-2 mRNA sequence is shown in FIG. 2, with the 
unique bases at the 3' end being highlighted. The deduced 
protein sequence for murine sVEGFR-2 is shown in FIG. 3, 
with the unique carboxy terminal amino acids being high 
lighted. The human sVEGFR-2 mRNA coding and deduced 
protein sequences are shown in FIGS. 4 and 5, respectively, 
with the unique 3' bases and carboxy terminal amino acids 
being highlighted. The Macaca mulatta (rhesus monkey) 
sVEGFR-2 mRNA deduced coding and protein sequences 
are shown in FIGS. 6 and 7, respectively, with the unique 3' 
bases and carboxy terminal amino acids being highlighted. 
The Rattus norvegicus (rat) sVEGFR-2 mRNA deduced cod 
ing and protein sequences are shown in FIGS. 8 and 9, respec 
tively, with the unique 3' bases and carboxy terminal amino 
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acids being highlighted. The Bos taurus (cow) sVEGFR-2 
deduced mRNA coding and protein sequences are shown in 
FIGS. 10 and 11, respectively, with the unique 3' bases and 
carboxy terminal amino acids being highlighted. 
An embodiment of this invention is an isolated nucleic acid 

molecule comprising, consisting essentially of, or consisting 
of the nucleotide sequence set forth in any of SEQID NO: 2, 
4, 6, 8, or 10, or variants thereof. Variants include nucleotides 
having nucleotide sequences that have at least about 70%, 
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% 
sequence similarity to SEQID 2, 4, 6, 8, or 10, and preferably 
nucleotide sequences having at least about 70%, 75%, 78%, 
80%, 85%, 90%. 95%, 96%, 97%, 98%, or 99% sequence 
identity to SEQ ID NO: 2, 4, 6, 8, or 10. Preferably the 
variants hybridize to SEQID NO: 2, 4, 6, 8 or 10, preferably 
the full length of SEQ ID NO: 2, 4, 6, 8 or 10, under high 
stringency conditions. Preferably the nucleic acid molecules 
encode a polypeptide comprising the amino acid sequence set 
for in SEQID NO:3, 5, 7, 9 or 11 or a variant thereof. 
The term “stringent conditions” as used herein refers to 

parameters with which the art is familiar. More specifically, 
stringent conditions, as used herein, refers to hybridization at 
65° C. in hybridization buffer (3.5x.SSC, 0.02% Ficoll, 
0.02% polyvinyl pyrrolidone, 0.02% Bovine Serum Albu 
min, 25 mMNaH2PO (pH 7), 0.5% SDS, 2 mM EDTA). SSC 
is 0.15M sodium chloride/0.015M sodium citrate, pH 7: SDS 
is sodium dodecyl sulphate; and EDTA is ethylenediamine 
tetracetic acid. After hybridization, the membrane upon 
which the nucleic acid is transferred is washed at 2xSSC at 
room temperature and then at 0.1-0.5xSSC/0.1 xSDS attem 
peratures up to 68° C. SSC is 0.15M sodium chloride/0.15M 
sodium citrate, pH 7: SDS is sodium dodecyl sulphate; and 
EDTA is ethylenediamine tetraacetic acid. The foregoing set 
of hybridization conditions is but one example of stringent 
hybridization conditions known to one of ordinary skill in the 
art. 

There are other conditions, reagents, and so forth which 
can be used, which result in Stringent hybridization (see, e.g. 
Molecular Cloning: A Laboratory Manual, J. Sambrook, et 
al., eds., Second Edition, Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1989, or Current Protocols 
in Molecular Biology, F. M. Ausubel, et al., eds. John 
Wiley & Sons, Inc., New York). The skilled artisan will be 
familiar with Such conditions, and thus they are not given 
here. It will be understood, however, that the skilled artisan 
will be able to manipulate the conditions in a manner to 
permit the clear identification of variants of the nucleic acid 
molecules of the invention. The skilled artisan also is familiar 
with the methodology for screening cells and libraries for 
expression of Such molecules which then are routinely iso 
lated, followed by isolation of the pertinent nucleic acid and 
sequencing. 
The percent identity between the variants and SEQID NO: 

2, 4, 6, 8 and 10 can be calculated using various, publicly 
available software tools developed by NCBI (Bethesda, Md.) 
that can be obtained through the internet (ftp:/ncbi.nlm. 
nih.gov/pub/). Exemplary tools include the BLAST system 
available at www.ncbi.nlm.nih.gov, which uses algorithms 
developed by Altschul et al. (Nucleic Acids Res. 25:3389 
3402, 1997). Pairwise and ClustalW alignments (BLO 
SUM30 matrix setting) as well as Kyte-Doolittle hydropathic 
analysis can be obtained using the MacVector sequence 
analysis software (Oxford Molecular Group). Complements 
of the foregoing nucleic acids also are embraced by the inven 
tion. 

The invention also includes degenerate nucleic acids which 
include alternative codons to those present in the nucleic acid 
molecules encoding sVEGFR-2 of this invention, particularly 
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10 
nucleic acids having the sequence set forth in SEQID NO: 2, 
4, 6, 8 and 10. For example, serine residues are encoded by the 
codons TCA, AGT, TCC, TCG, TCT and AGC. Each of the 
six codons is equivalent for the purposes of encoding a serine 
residue. Thus, it will be apparent to one of ordinary skill in the 
art that any of the serine-encoding nucleotide triplets may be 
employed to direct the protein synthesis apparatus, in vitro or 
in Vivo, to incorporate a serine residue. Similarly, nucleotide 
sequence triplets which encode other amino acid residues 
include, but are not limited to: CCA, CCC, CCG and CCT 
(proline codons); CGA, CGC, CGG, CGT AGA and AGG 
(arginine codons); ACA, ACC, ACG and ACT (threonine 
codons); AAC and AAT (asparagine codons); and ATA, ATC 
and ATT (isoleucine codons). Otheramino acid residues may 
be encoded similarly by multiple nucleotide sequences. Thus, 
the invention embraces degenerate nucleic acids that differ 
from the biologically isolated nucleic acids in codon 
sequence due to the degeneracy of the genetic code. 

Another embodiment of this invention is a vector compris 
ing the nucleic acid molecules or variants described herein. 
Preferably the vector is an expression vector comprising a 
nucleic acid molecule described herein in operable linkage 
with a promoter. 

Vectors are typically composed of DNA although RNA 
vectors are also available. Vectors include, but are not limited 
to, plasmids and phagemids. A cloning vector is one which is 
able to replicate in a host cell, and which is further character 
ized by one or more endonuclease restriction sites at which 
the vector may be cut in a determinable fashion and into 
which a desired DNA sequence may be ligated such that the 
new recombinant vector retains its ability to replicate in the 
host cell. In the case of plasmids, replication of the desired 
sequence may occur many times as the plasmid increases in 
copy number within the host bacterium or just a single time 
per host before the host reproduces by mitosis. In the case of 
phage, replication may occur actively during a lytic phase or 
passively during a lysogenic phase. An expression vector is 
one into which a desired DNA sequence may be inserted by 
restriction and ligation Such that it is operably joined to regu 
latory sequences and may be expressed as an RNA transcript. 
Vectors may further contain one or more marker sequences 
suitable for use in the identification of cells which have or 
have not been transformed or transfected with the vector. 
Markers include, for example, genes encoding proteins which 
increase or decrease either resistance or sensitivity to antibi 
otics or other compounds, genes which encode enzymes 
whose activities are detectable by standard assays known in 
the art (e.g. B-galactosidase, luciferase or alkaline phos 
phatase), and genes which visibly affect the phenotype of 
transformed or transfected cells, hosts, colonies or plaques 
(e.g., green fluorescent protein). Preferred vectors are those 
capable of autonomous replication and expression of the 
structural gene products present in the DNA segments to 
which they are operably joined. 

Expression vectors containing all the necessary elements 
for expression are commercially available and knownto those 
skilled in the art. See Molecular Cloning: A Laboratory 
Manual, J. Sambrook, et al., eds., Second Edition, Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 
1989. Cells are genetically engineered by the introduction 
into the cells of heterologous DNA (RNA) encoding the 
sdph3.10 or sdp3.5 tumor associated polypeptide or fragment 
or variant thereof. The heterologous DNA (RNA) is placed 
under operable control of transcriptional elements to permit 
the expression of the heterologous DNA in the host cell. 

Systems for mRNA expression in mammaliancells include 
e.g. those such as pRc/CMV (available from Invitrogen, 
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Carlsbad, Calif.) that contain a selectable marker such as a 
gene that confers G418 resistance (which facilitates the selec 
tion of stably transfected cell lines) and the human cytome 
galovirus (CMV) enhancer-promoter sequences. Addition 
ally, Suitable for expression in primate or canine cell lines is 
the pCEP4 vector (Invitrogen), which contains an Epstein 
Barr virus (EBV) origin of replication, facilitating the main 
tenance of plasmid as a multicopy extrachromosomal ele 
ment. Another expression vector is the pEF-BOS plasmid 
containing the promoter of polypeptide Elongation Factor 1a, 
which stimulates efficiently transcription in vitro. The plas 
mid is described by Mishizuma and Nagata (Nuc. Acids Res. 
18:5322, 1990), and its use in transfection experiments is 
disclosed by, for example, Demoulin (Mol. Cell. Biol. 
16:4710-4716, 1996). Still another preferred expression vec 
tor is an adenovirus, described by Stratford-Perricaudet, 
which is defective for E1 and E3 proteins (J. Clin. Invest. 
90:626-630, 1992). The use of the adenovirus as an 
Adeno.P1A recombinant is disclosed by Warnier et al., in 
intradermal injection in mice for immunization against P1A 
(Int. J. Cancer, 67:303-310, 1996). Also included are bacte 
rial systems for delivery of antigens to eukaryotic cells. Such 
as those which utilize Yersinia (e.g. Stambach and Bevan, J. 
Immunol. 153:1603, 1994) and Listeria (Dietrich et al., 
Nature Biotechnol. 16:181, 1998). The expression vectors 
according to the invention include retroviral, adenoviral and 
lentiviral vectors comprising the nucleic acid molecules of 
this invention in operable linkage with a regulatory elements, 
e.g., a promoter or an enhancer. Promoters include, e.g., a 
CMV promoter, an SV40 promoter, a promoter of mouse U6 
gene, and a promoter of human H1 gene. 

Still another aspect of this invention are recombinant host 
cells transformed or transfected with the vectors of this inven 
tion. It will also be recognized from the examples that the 
invention embraces the use of the sVEGFR-2 sequences in 
expression vectors, as well as to transfect host cells and cell 
lines, be these prokaryotic (e.g., E. coli), or eukaryotic (e.g., 
CHO cells, COS cells, yeast expression systems and recom 
binant baculovirus expression in insect cells) for production 
of SVEGFR-2 polypeptides. Especially useful are mamma 
liancells such as mouse, hamster, pig, goat, primate, etc. They 
can be of a wide variety of tissue types, including mast cells, 
fibroblasts, oocytes and lymphocytes, and they may be pri 
mary cells or cell lines. 
The invention provides for a method of producing an iso 

lated polypeptide having the biological activity of sVEGFR 
2, as described herein, whereby a host cell comprising a 
vector encoding sVEGFR-2 is cultivated under conditions 
allowing synthesis of the protein and the protein is isolated 
from the recombinant host cell. 

Also an embodiment of this invention is an isolated 
polypeptide comprising the amino acid sequence set forth in 
SEQ ID NO:3, 5, 7, 9 or 11 and variants thereof. Variants 
include polypeptides having amino acid sequences having at 
least about 70%, 75%, 78%, 80%, 85%, 90%, 95%, 96%, 
97%, 98%, or 99% sequence similarity to the SEQID NO:3, 
5, 7, 9 or 11, preferably to the full length of 3, 5, 7, 9 or 11: 
variants may also include amino acid sequences having at 
least about 70%, 75%, 78%, 80%, 85%, 90%, 95%, 96%, 
97%, 98%, or 99% sequence identity to SEQID NO:3, 5, 7, 
9 or 11, preferably to the full length of SEQID NO:3, 5, 7, 9 
or 11. 
The skilled artisan will also realize that conservative amino 

acid substitutions may be made in the sVEGFR-2 polypep 
tides of this invention to provide functional variants of the 
foregoing polypeptides, i.e., variants which retain the func 
tional capabilities of SVEGFR-2 described herein. As used 
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herein, a “conservative amino acid substitution” refers to an 
amino acid substitution which does not alter the relative 
charge or size characteristics of the protein in which the 
amino acid Substitution is made. Conservative Substitutions 
of amino acids include Substitutions made amongst amino 
acids within the following groups: (a) M.I, L.V; (b) F. Y. W: 
(c) K. R. H.; (d) A, G; (e) S. T., (f) Q, N; and (g) E. D. 
Conservative variants of sVEGFR-2 comprise one of more 
conservative substitutions but retain the functional capabili 
ties of SVEGFR-2. 
As demonstrated in the examples below, sVEGFR-2 acts as 

an anti-lymphangiogenic agent in the cornea. Thus, in one 
aspect, the present invention relates to a method of inhibiting 
corneal graft rejection of a donor cornea comprising admin 
istering an effective amount of sVEGFR-2 to a subject in need 
thereof. Preferably the subject is one who has received a 
corneal allograft. The sVEGFR-2 may be administered to the 
subject before, after or simultaneously with corneal graft 
transplantation. Also, the sVEGFR-2 may be administered to 
the donor cornea before, after or simultaneously with corneal 
graft transplantation. Thus, the donor cornea may be exposed 
to a medium capable of providing sVEGFR-2. Any appropri 
ate medium may be used for providing sVEGFR-2 to the 
donor cornea Such as, for example, eye drops. Such a medium 
may contain, for example, sVEGFR-2 protein. In another 
embodiment, the medium comprises an expression vector 
which expresses sVEGFR-2 upon transfection of the donor 
cornea by the expression vector. The donor cornea may be, for 
example, bathed in a medium comprising the expression vec 
tor, or in another embodiment, the medium comprising the 
expression vector is injected into the donor cornea. 

Another aspect of this invention is a method for inhibiting 
proliferation of lymphangioma lymphatic endothelial cells 
by contacting the cells with an effective amount of sVEGFR 
2. The sVEGFR-2 may be a sVEGFR-2 polypeptide, e.g., a 
polypeptide comprising the amino acid sequence set forth in 
SEQID NO: 2, 4, 6, 8 or 10, or variants thereof, e.g., conser 
vative variants thereof, or the sVEGFR-2 may be a 
sVEGFR-2 nucleic acid molecule encoding sVEGFR-2 
polypeptide. For example the nucleic acid may be an expres 
sion vector that expresses sVEGFR-2 upon introduction into 
lymphatic endothelial cells. 

Provided with the sequence information set forth above, 
one of skill in the art can prepare sVEGFR-2 suitable for 
therapeutic purposes using standard methods for recombinant 
production of proteins, although sVEGFR-2 produced by any 
method may be used. 

For example, an expression vector may be used to intro 
duces VEGFR-2 into a cell. The expression vectors which can 
be used to deliver sVEGFR-2 according to the invention 
include, e.g., retroviral, adenoviral and lentiviral vectors. The 
expression vector includes a sequence which codes for 
sVEGFR-2. The expression vectors may include one or more 
promoter regions to enhance synthesis of SVEGFR-2. Pro 
moters which can be used, e.g., include CMV promoter, SV40 
promoter, promoter of mouse U6 gene, and promoter of 
human H1 gene. One or more selection markers may be 
included to facilitate transfection with the expression vector. 
The selection marker may be included within the expression 
vector, or may be introduced on a separate genetic element. 
For example, the bacterial hygromycin B phosphotransferase 
gene may be used as a selection marker, with cells being 
grown in the presence of hygromycinto select for those cells 
transfected with the aforementioned gene. 

In another aspect, the present invention is directed to a 
method of reducing sVEGFR-2 mRNA in a cell. The method 
comprises delivering to the cellan amount of siRNA targeting 
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sVEGFR-2 effective for reducing the level of sVEGFR-2 
mRNA. The method may be used, for example, as a research 
tool in studying the effect of lowering the expression of 
SVEGFR-2 mRNA. Suitable siRNA for use in the method 
include moRF1, mOTR1, mORF2 and muTR2, which are 
targeted to the unique tail of the mouse sVEGFR-2 mRNA, 
and hORF1, hORF2, hORF3 and hORF4, which are targeted 
to the unique tail of the human sVEGFR-2 mRNA. The 
nucleic acid sequences for these siRNAs are set forth below in 
Table 1. 

TABLE 1. 

SEQ ID 
siRNA Nucleic acid sequence NO. 

mORF1 GGTATGGAGGCATCCCTGGGT 22 

mTR1 CAGTTAGCACATGTGTGTAAT 23 

mORF2 AATTGCAATGCCTTAAATGCA 24 

mTR2 GGCTGGCACACTCCTGGAAGC 25 

hORF1 TAGGTAGGGAGACAATTCTGG 26 

hORF2 GTAGGGAGACAATTCTGGATC 27 

hORF3 TCATTGTGCAGAGGCAGTTGG 28 

hORF4 GAGGCAGTTGAATGCCTTAA 29 

mouse sWEGFR-2-based AATAGATGCTAACATATGATT 3 O 

mouse sWEGFR-2-based AAACTCTGATATATATAGTAC 31 

mouse SWEGFR-2-based AAATGATATAGTTATCCAAAG 32 

mouse sWEGFR-2-based AAATCCTCTAACCTGAATAAA 33 

The siRNAs for use in the present invention are designed 
according to standard methods in the field of RNA interfer 
ence. Introduction of siRNAs into cells may be by transfec 
tion with expression vectors, by transfection with synthetic 
dsRNA, or by any other appropriate method. Transfection 
with expression vectors is preferred. 

The expression vectors which can be used to deliversiRNA 
according to the invention include retroviral, adenoviral and 
lentiviral vectors. The expression vector includes a sequence 
which codes for a portion of the sVEGFR-2 target gene which 
is to be silenced. The target gene sequence is designed Such 
that, upon transcription in the transfected host, the target 
RNA sequence forms a hairpin structure due to the presence 
of self-complementary bases. Processing within the cell 
removes the loop resulting in formation of a siRNA duplex. 
The double stranded RNA sequence should be less than 30 
nucleotide bases; preferably the dsRNA sequence is 19-25 
bases in length; more preferably the dsRNA sequence is 21 
nucleotides in length. 
The expression vectors may include one or more promoter 

regions to enhance synthesis of the target gene sequence. 
Promoters which can be used include, e.g., CMV promoter, 
SV40 promoter, promoter of mouse U6 gene, and promoter of 
human H1 gene. 
One or more selection markers may be included to facili 

tate transfection with the expression vector. The selection 
marker may be included within the expression vector, or may 
be introduced on a separate genetic element. For example, the 
bacterial hygromycin B phosphotransferase gene may be 
used as a selection marker, with cells being grown in the 
presence of hygromycin to select for those cells transfected 
with the aforementioned gene. 
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Synthetic dsRNA may also be introduced into cells to 

provide gene silencing by siRNA. The synthetic dsRNAs are 
less than 30 base pairs in length. Preferably the synthetic 
dsRNAs are 19-25 base pairs in length. More preferably the 
dsRNAs are 19, 20 or 21 base pairs in length, optionally with 
2-nucleotide 3' overhangs. The 3' overhangs are preferably 
TT residues. 

Synthetic dsRNAs can be introduced into cells by injec 
tion, by complexing with agents such as cationic lipids, by use 
of a gene gun, or by any other appropriate method. 
Lymphedema is a condition of localized fluid retention 

caused by a compromised lymphatic system. Lymphedema 
may be inherited or caused by injury to the lymphatic vessels. 
It is most frequently observed after lymph node dissection, 
Surgery and/or radiation therapy in which damage to the 
lymphatic system is caused during treatment of cancer. 
Lymphedema is a notable complication in the treatment of 
breast cancer. Furthermore, lymphedema associated with 
filariasis is prevalent in many developing countries. 

Because SVEGFR-2 is an anti-lymphangiogenic agent, 
reduction of sVEGFR-2 expression or activity can be used to 
treat lymphedema. Hence, in another aspect, the present 
invention is directed to a method of treating lymphedema 
comprising administering an effective amount of an agent 
which inhibits the expression or activity of SVEGFR-2 to a 
subject in need thereof. The inhibition of sVEGFR-2 activity 
can occur at the protein level and/or at the mRNA level. 
Any compound which inhibits the activity of SVEGFR-2 

may be used in the present invention. Thus, to reduce the level 
of mRNA, and ultimately the level of protein, siRNA or 
anti-sense oligonucleotides which target sVEGFR-2 can be 
administered to a subject in need of treatment. Appropriate 
siRNAs and their methods of production and administration 
have been described above. Appropriate anti-sense oligo 
nucleotides can be prepared by methods known in the art. 

Additional compounds suitable for inhibiting the activity 
of SVEGFR-2 include molecules which bind directly to 
SVEGFR-2, antibodies which bind SVEGFR-2, RNA, DNA 
or RNA/DNA aptamers which specifically bind sVEGFR-2. 
Additional compounds which inhibit the activity of 
sVEGFR-2 include inhibitory molecules which specifically 
bind sVEGFR-2, including an oligopeptide, small molecule 
antagonist (e.g., organic molecule having a molecular weight 
less than 2000, or less than 1000, or less than 500), ribozyme, 
intrabody or intraceptor. An intrabody refers to an antibody 
produced intracellularly, for example, a single chain antibody 
(such as a single chain FV antibody fragment) expressed 
inside a cell transformed with an appropriate exogenous 
nucleic acid. An intraceptor refers to an receptor (such as a 
receptor for sVEGFR-2) produced intracellularly, for 
example, a sVEGFR-2 receptor expressed inside a cell trans 
formed with an appropriate exogenous nucleic acid. 

Additional compounds for inhibiting sVEGFR-2 include 
RNA, DNA or RNA/DNA aptamers directed against 
sVEGFR-2. Exemplary methods for making aptamers are 
described in U.S. Pat. Nos. 5,270,163, 5,840,867, 6,180.348 
and 6,699,843. 

Additional compounds for inhibiting sVEGFR-2 include 
antibodies which specifically bind sVEGFR-2. The antibod 
ies of the present invention can be polyclonal or monoclonal, 
and the term antibody is intended to encompass both poly 
clonal and monoclonal antibodies. Antibodies of the present 
invention can be raised against an appropriate immunogen, 
including proteins or polypeptides of the present invention, 
such as isolated and/or recombinant mammalian SVEGFR-2 
protein or portion thereof, or synthetic molecules, such as 
synthetic peptides. 
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Preparation of immunizing antigen, and polyclonal and 
monoclonal antibody production can be performed using any 
suitable technique. A variety of methods have been described 
(see, e.g., Kohleret al., Nature, 256: 495-497 (1975) and Eur: 
J. Immunol. 6: 511-519 (1976); Milstein et al., Nature 266: 5 
550-552 (1977): Koprowski et al., U.S. Pat. No. 4,172,124; 
Harlow, E. and D. Lane, 1988, Antibodies: A Laboratory 
Manual, (Cold Spring Harbor Laboratory: Cold Spring Har 
bor, N.Y.); Current Protocols In Molecular Biology, Vol. 2 
(Supplement 27, Summer '94), Ausubel, F. M. et al., Eds., 10 
(John Wiley & Sons: New York, N.Y.), Chapter 11, (1991)). 
Generally, a hybridoma is produced by fusing a suitable 
immortal cell line (e.g., a myeloma cell line such as SP2/0) 
with antibody producing cells. The antibody producing cell, 
preferably those of the spleen or lymph nodes, are obtained 15 
from animals immunized with the antigen of interest. The 
fused cells (hybridomas) are isolated using selective culture 
conditions, and cloned by limiting dilution. Cells which pro 
duce antibodies with the desired specificity are selected by a 
Suitable assay (e.g., ELISA). 2O 

Single chain antibodies, and chimeric, humanized or pri 
matized (CDR-grafted) antibodies, as well as chimeric or 
CDR-grafted single chain antibodies, comprising portions 
derived from different species, are also encompassed by the 
present invention and the term “antibody’. The various por- 25 
tions of these antibodies can be joined together chemically by 
conventional techniques, or can be prepared as a contiguous 
protein using genetic engineering techniques. For example, 
nucleic acids encoding a chimeric or humanized chain can be 
expressed to produce a contiguous protein. See, e.g., Cabilly 30 
et al., U.S. Pat. No. 4,816,567; Cabilly et al., European Patent 
No. 0,125,023. B1; Boss et al., U.S. Pat. No. 4,816,397: Boss 
et al., European Patent No. 0,120,694 B1; Neuberger, M.S. et 
al., WO 86/01533; Neuberger, M. S. et al., European Patent 
No. 0,194,276 B1; Winter, U.S. Pat. No. 5,225,539; and Win- 35 
ter, European Patent No. 0.239,400 B1. See also, Newman, R. 
et al., BioTechnology, 10: 1455-1460 (1992), regarding pri 
matized antibody, and Ladner et al., U.S. Pat. No. 4,946,778 
and Bird, R.E. et al., Science, 242: 423-426 (1988)) regarding 
single chain antibodies. 40 

In addition, functional fragments of antibodies, including 
fragments of chimeric, humanized, primatized or single chain 
antibodies, can also be produced. Functional fragments of 
foregoing antibodies retain at least one binding function and/ 
or modulation function of the full-length antibody from 45 
which they are derived. For example, antibody fragments 
capable of binding to a mammalian sVEGFR-2 or portion 
thereof, including, but not limited to, Fv, Fab, Fab' and F(ab') 
fragments are encompassed by the invention. Such fragments 
can be produced by enzymatic cleavage or by recombinant 50 
techniques. For instance, papain or pepsin cleavage can gen 
erate Fab or F(ab')2 fragments, respectively. Alternatively, 
antibodies can be produced in a variety of truncated forms 
using antibody genes in which one or more stop codons has 
been introduced upstream of the natural stop site. For 55 
example, a chimeric gene encoding a F(ab') heavy chain 
portion can be designed to include DNA sequences encoding 
the CH domain and hinge region of the heavy chain. 

The antibodies of the present invention can be used to 
modulate receptor or ligand function in research and thera- 60 
peutic applications. For instance, antibodies can act as inhibi 
tors to inhibit (reduce or prevent) (a) binding (e.g., of a ligand, 
a second inhibitor or a promoter) to the receptor, (b) a receptor 
signalling, (c) and/or a stimulatory function. Antibodies 
which act as inhibitors of receptor function can block ligand 65 
or promoter binding directly or indirectly (e.g., by causing a 
conformational change). For example, antibodies can inhibit 
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receptor function by inhibiting binding of a ligand, or by 
desensitization (with or without inhibition of binding of a 
ligand). 

Anti-idiotypic antibodies are also provided. Anti-idiotypic 
antibodies recognize antigenic determinants associated with 
the antigen-binding site of another antibody. Anti-idiotypic 
antibodies can be prepared against a second antibody by 
immunizing an animal of the same species, and preferably of 
the same strain, as the animal used to produce the second 
antibody. See, e.g., U.S. Pat. No. 4,699.880. Single chain, and 
chimeric, humanized or primatized (CDR-grafted), as well as 
chimeric or CDR-grafted single chain anti-idiotypic antibod 
ies can be prepared, and are encompassed by the term anti 
idiotypic antibody. Antibody fragments of Such antibodies 
can also be prepared. 
We studied the presence of sVEGFR-2 in non-metastatic 

and metastatic cells. For example, non-metastatic LnCap 
cells (human prostate cancer cells) are known to not permit 
the growth of lymphatic vessels in its stroma. However, once 
metastatic, these tumors are no longer capable of preventing 
lymphatic vessel growth. We have determined that 
sVEGFR-2 is expressed in non-metastatic LnCap cells but is 
not expressed in metastatic LnCap cells (see Example 4 
below). 

Thus, in one aspect, the present invention provides a 
method of detecting tumor cell metastasis comprising moni 
toring a tumor cell for expression of SVEGFR-2, wherein 
reduced expression of SVEGFR-2 is indicative of tumor cell 
metastasis. Preferably, the method detects prostate tumor cell 
metastasis. Detection of expression of SVEGFR-2 can be 
performed at the protein level; for example, through the use of 
an antibody which specifically binds sVEGFR-2 via known 
antibody binding assays. Alternatively, expression of 
sVEGFR-2 can be performed at the mRNA level; for 
example, through the use of oligonucleotide probes which 
specifically hybridize with sVEGFR-2 mRNA or via the use 
PCR with appropriate primers for sVEGFR-2. 
The methods of the present invention can be used in any 

mammalian species, including human, monkey, cow, sheep, 
pig, goat, horse, mouse, rat, dog, cat, rabbit, guinea pig, 
hamster and horse. Humans are preferred. 
The compounds of the present invention can be delivered 

directly or in pharmaceutical compositions along with Suit 
able carriers or excipients, as is well known in the art. For 
example, a pharmaceutical composition of the invention may 
include a conventional additive, such as a stabilizer, buffer, 
salt, preservative, filler, flavor enhancer and the like, as known 
to those skilled in the art. Exemplary buffers include phos 
phates, carbonates, citrates and the like. Exemplary preserva 
tives include EDTA, EGTA BHA, BHT and the like. Com 
pounds of the present invention may be administered either 
alone or in combination with another drug. 
An effective amount of Such agents can readily be deter 

mined by routine experimentation, as can the most effective 
and convenient route of administration and the most appro 
priate formulation. Various formulations and drug delivery 
systems are available in the art. See, e.g., Gennaro, A. R., ed. 
(1995) Remington's Pharmaceutical Sciences. 

Suitable routes of administration may, for example, 
include oral, rectal, transmucosal, transdermal, topical, nasal, 
or intestinal administration and parenteral delivery, including 
intramuscular, Subcutaneous, intramedullary injections, as 
well as intrathecal, direct intraventricular, intravenous, intra 
peritoneal, intranasal, or intraocular injections. In addition, 
the agent or composition thereof may be administered Sub 
lingually or via a spray, including a Sublingual tablet or a 
Sublingual spray. The agent or composition thereof may be 
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administered in a local rather than a systemic manner. For 
example, a Suitable agent can be delivered via injection or in 
a targeted drug delivery system, such as a depot or Sustained 
release formulation. 
The pharmaceutical compositions of the present invention 

may be manufactured by any of the methods well-known in 
the art, such as by conventional mixing, dissolving, granulat 
ing, dragee-making, levigating, emulsifying, encapsulating, 
entrapping, or lyophilizing processes. As noted above, the 
compositions of the present invention can include one or 
more physiologically acceptable carriers such as excipients 
and auxiliaries that facilitate processing of active molecules 
into preparations for pharmaceutical use. 

Proper formulation is dependent upon the route of admin 
istration chosen. For injection, for example, the composition 
may be formulated in aqueous solutions, preferably in physi 
ologically compatible buffers such as Hanks solution, Ring 
er's Solution, or physiological saline buffer. For transmucosal 
or nasal administration, penetrants appropriate to the barrier 
to be permeated are used in the formulation. Such penetrants 
are generally known in the art. In a preferred embodiment of 
the present invention, the present compounds are prepared in 
a formulation intended for oral administration. For oral 
administration, the compounds can be formulated readily by 
combining the active compounds with pharmaceutically 
acceptable carriers well known in the art. Such carriers enable 
the compounds of the invention to be formulated as tablets, 
pills, dragees, capsules, liquids, gels, syrups, slurries, Suspen 
sions and the like, for oral ingestion by a Subject. The com 
pounds may also be formulated in rectal compositions such as 
Suppositories or retention enemas, e.g., containing conven 
tional suppository bases such as cocoa butter or other glyc 
erides. 

Pharmaceutical preparations for oral use can be obtained as 
Solid excipients, optionally grinding a resulting mixture, and 
processing the mixture of granules, after adding Suitableaux 
iliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillers such as Sugars, including 
lactose, Sucrose, mannitol, or Sorbitol; cellulose preparations 
Such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, sodium carboxymethylcel 
lulose, and/or polyvinylpyrrolidone (PVP). If desired, disin 
tegrating agents may be added. Such as the cross-linked poly 
vinyl pyrrolidone, agar, oralginic acid or a salt thereof such as 
Sodium alginate. Also, wetting agents such as sodium dodecyl 
sulfate may be included. 

Dragee cores are provided with suitable coatings. For this 
purpose, concentrated Sugar Solutions may be used, which 
may optionally contain gum arabic, talc, polyvinyl pyrroli 
done, carbopol gel, polyethylene glycol, and/or titanium 
dioxide, lacquer Solutions, and Suitable organic solvents or 
solvent mixtures. Dyestuffs or pigments may be added to the 
tablets or dragee coatings for identification or to characterize 
different combinations of active compound doses. 

Pharmaceutical preparations for oral administration 
include push-fit capsules made of gelatin, as well as Soft, 
sealed capsules made of gelatin and a plasticizer, Such as 
glycerol or Sorbitol. The push-fit capsules can contain the 
active ingredients in admixture with filler such as lactose, 
binders such as starches, and/or lubricants such as talc or 
magnesium Stearate and, optionally, stabilizers. In soft cap 
Sules, the active compounds may be dissolved or Suspended in 
Suitable liquids, such as fatty oils, liquid paraffin, or liquid 
polyethylene glycols. In addition, stabilizers may be added. 
All formulations for oral administration should be in dosages 
Suitable for Such administration. 
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In one embodiment, the compounds of the present inven 

tion can be administered transdermally, such as through a skin 
patch, or topically. In one aspect, the transdermal or topical 
formulations of the present invention can additionally com 
prise one or multiple penetration enhancers or other effectors, 
including agents that enhance migration of the delivered com 
pound. Transdermal or topical administration could be pre 
ferred, for example, in situations in which location specific 
delivery is desired. 

For administration by inhalation, the compounds for use 
according to the present invention are conveniently delivered 
in the form of an aerosol spray presentation from pressurized 
packs or a nebulizer, with the use of a Suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlo 
rotetrafluoroethane, carbon dioxide, or any other Suitable gas. 
In the case of a pressurized aerosol, the appropriate dosage 
unit may be determined by providing a valve to deliver a 
metered amount. Capsules and cartridges of for example, 
gelatin, for use in an inhaler or insufflator may be formulated. 
These typically contain a powder mix of the compound and a 
Suitable powder base such as lactose or starch. 

Compositions formulated for parenteral administration by 
injection, e.g., by bolus injection or continuous infusion can 
be presented in unit dosage form, e.g., in ampoules or in 
multi-dose containers, with an added preservative. The com 
positions may take Such forms as Suspensions, Solutions, or 
emulsions in oily or aqueous vehicles, and may contain for 
mulatory agents such as Suspending, stabilizing and/or dis 
persing agents. Formulations for parenteral administration 
include aqueous solutions or other compositions in water 
soluble form. 

Suspensions of the active compounds may also be prepared 
as appropriate oily injection Suspensions. Suitable lipophilic 
Solvents or vehicles include fatty oils such as sesame oil and 
synthetic fatty acid esters, such as ethyl oleate or triglycer 
ides, or liposomes. Aqueous injection Suspensions may con 
tain Substances that increase the Viscosity of the Suspension, 
Such as Sodium carboxymethyl cellulose, Sorbitol, or dextran. 
Optionally, the Suspension may also contain Suitable stabiliz 
ers or agents that increase the solubility of the compounds to 
allow for the preparation of highly concentrated Solutions. 
Alternatively, the active ingredient may be in powderform for 
constitution with a suitable vehicle, e.g., sterile pyrogen-free 
water, before use. 
As mentioned above, the compositions of the present 

invention may also be formulated as a depot preparation. 
Such long acting formulations may be administered by 
implantation (for example, Subcutaneously or intramuscu 
larly) or by intramuscular injection. Thus, for example, the 
present compounds may be formulated with Suitable poly 
meric or hydrophobic materials (for example as an emulsion 
in an acceptable oil) or ion exchange resins, or as sparingly 
soluble derivatives, for example, as a sparingly soluble salt. 

Suitable carriers for the hydrophobic molecules of the 
invention are well known in the art and include co-solvent 
systems comprising, for example, benzyl alcohol, a nonpolar 
Surfactant, a water-miscible organic polymer, and an aqueous 
phase. The co-solvent system may be the VPD co-solvent 
system. VPD is a solution of 3% w/v benzyl alcohol, 8% w/v. 
of the nonpolar surfactant polysorbate 80, and 65% w/v poly 
ethylene glycol 300, made up to volume in absolute ethanol. 
The VPD co-solvent system (VPD:5W) consists of VPD 
diluted 1:1 with a 5% dextrose in water solution. This co 
Solvent system is effective in dissolving hydrophobic com 
pounds and produces low toxicity upon systemic administra 
tion. Naturally, the proportions of a co-solvent system may be 
varied considerably without destroying its solubility and tox 
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icity characteristics. Furthermore, the identity of the co-sol 
vent components may be varied. For example, other low 
toxicity nonpolar Surfactants may be used instead of 
polysorbate 80, the fraction size of polyethylene glycol may 
be varied, other biocompatible polymers may replace poly 
ethylene glycol, e.g., polyvinyl pyrrolidone, and other Sugars 
or polysaccharides may substitute for dextrose. 

Alternatively, other delivery systems for hydrophobic mol 
ecules may be employed. Liposomes and emulsions are well 
known examples of delivery vehicles or carriers for hydro 
phobic drugs. Liposomal delivery systems are discussed 
above in the context of gene-delivery systems. Certain 
organic solvents such as dimethylsulfoxide also may be 
employed, although usually at the cost of greater toxicity. 
Additionally, the compounds may be delivered using Sus 
tained-release systems, such as semi-permeable matrices of 
Solid hydrophobic polymers containing the effective amount 
of the composition to be administered. Various Sustained 
release materials are established and available to those of skill 
in the art. Sustained-release capsules may, depending on their 
chemical nature, release the compounds for a few weeks up to 
over 100 days. Depending on the chemical nature and the 
biological stability of the therapeutic reagent, additional 
strategies for stabilization may be employed. 

For any composition used in the present methods of treat 
ment, a therapeutically effective dose can be estimated ini 
tially using a variety of techniques well known in the art. For 
example, in a cell culture assay, a dose can be formulated in 
animal models to achieve a circulating concentration range 
that includes the IC50 as determined in cell culture. Dosage 
ranges appropriate for human subjects can be determined, for 
example, using data obtained from cell culture assays and 
other animal studies. 
A therapeutically effective dose of an agent refers to that 

amount of the agent that results in amelioration of symptoms 
or a prolongation of Survival in a Subject. Toxicity and thera 
peutic efficacy of Such molecules can be determined by stan 
dard pharmaceutical procedures in cell cultures or experi 
mental animals, e.g., by determining the LD50 (the dose 
lethal to 50% of the population) and the ED50 (the dose 
therapeutically effective in 50% of the population). The dose 
ratio of toxic to therapeutic effects is the therapeutic index, 
which can be expressed as the ratio LD50/ED50. Agents that 
exhibit high therapeutic indices are preferred. 

Dosages preferably fall within a range of circulating con 
centrations that includes the ED50 with little or no toxicity. 
Dosages may vary within this range depending upon the 
dosage form employed and the route of administration uti 
lized. The exact formulation, route of administration, and 
dosage should be chosen, according to methods known in the 
art, in view of the specifics of a subjects condition. 
The amount of agent or composition administered will, of 

course, be dependent on a variety of factors, including the sex, 
age, and weight of the Subject being treated, the severity of the 
affliction, the manner of administration, and the judgment of 
the prescribing physician. 

The present compositions may, if desired, be presented in a 
pack or dispenser device containing one or more unit dosage 
forms containing the active ingredient. Such a pack or device 
may, for example, comprise metal or plastic foil. Such as a 
blister pack. The pack or dispenser device may be accompa 
nied by instructions for administration. Compositions com 
prising a compound of the invention formulated in a compat 
ible pharmaceutical carrier may also be prepared, placed in an 
appropriate container, and labeled for treatment of an indi 
cated condition. 
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In another embodiment, the present invention provides 

methods for screening compounds that interact with 
sVEGFR-2. The present invention is useful for screening 
compounds by using SVEGFR-2 polypeptide orbinding frag 
ments thereof in any of a variety of drug screening techniques. 
The sVEGFR-2 polypeptide or fragment employed in such a 
test may either be free in solution, affixed to a solid support, 
borne on a cell surface or located intracellularly. One method 
of drug screening utilizes eukaryotic or prokaryotic host cells 
which are stably transformed with recombinant nucleic acids 
expressing the polypeptide or fragment. Drugs are screened 
against Such transformed cells in competitive binding assays. 
Such cells, either in viable or fixed form, can be used for 
standard binding assays. One may measure, for example, the 
formation of complexes between sVEGFR-2 and the agent 
being tested. Alternatively, one can examine the diminution in 
complex formation between sVEGFR-2 and its target cell, 
monocyte, etc. caused by the agent being tested. 

Thus, the present invention provides methods of screening 
for drugs or any other agents which can affect lymphangio 
genesis. These methods comprise contacting Such an agent 
with a sVEGFR-2 polypeptide or fragment thereofand assay 
ing (i) for the presence of a complex between the agent and the 
sVEGFR-2 polypeptide or fragment, or (ii) for the presence 
of a complex between the sVEGFR-2 polypeptide or frag 
ment and the cell, by methods well known in the art. In such 
competitive binding assays, the sVEGFR-2 polypeptide or 
fragment is typically labeled. After suitable incubation, free 
sVEGFR-2 polypeptide or fragment is separated from that 
present in bound form, and the amount of free or uncom 
plexed label is a measure of the ability of the particular agent 
to bind to SVEGFR-2 or to interfere with the SVEGFR-2 and 
agent complex. 

Another technique for drug screening provides high 
throughput screening for compounds having Suitable binding 
affinity to the sVEGFR-2 polypeptide and is described in 
detail in European Patent Application 84/03564, published on 
Sep. 13, 1984, incorporated herein by reference. Briefly 
stated, large numbers of different Small peptide test com 
pounds are synthesized on a Solid Substrate. Such as plastic 
pins or some other Surface. The peptide test compounds are 
reacted with sVEGFR-2 polypeptide and washed. Bound 
sVEGFR-2 polypeptide is then detected by methods well 
known in the art. Purified sVEGFR-2 can also be coated 
directly onto plates for use in the aforementioned drug 
screening techniques. In addition, non-neutralizing antibod 
ies can be used to capture the peptide and immobilize it on the 
Solid Support. 

This invention also contemplates the use of competitive 
drug screening assays in which neutralizing antibodies 
capable of binding sVEGFR-2 specifically compete with a 
test compound for binding to sVEGFR-2 polypeptides or 
fragments thereof. In this manner, the antibodies can be used 
to detect the presence of any peptide which shares one or 
more antigenic determinants with SVEGFR-2. 
The present invention also contemplates the use of drug 

screening assays in which drugs or any other agents are moni 
tored in a bioassay, Such as the ability of the drug or agent to 
inhibit lymphangiogenesis. Such a drug screening assay may 
be used in conjunction with the various binding assays 
described above, i.e., drugs or other agents may be first tested 
for their ability to bind to sVEGFR-2, and those compounds 
having binding affinity for sVEGFR-2 are then tested in a 
bioassay, such as the ability of the drug or agent to inhibit 
lymphangiogenesis. Alternatively, the bioassay may be con 
ducted with the drug or agent with or without a compound 
which blocks the action of sVEGFR-2, such as an antibody 
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against SVEGFR-2. Inhibition of lymphangiogenesis with the 
drug or agent but no inhibition of lymphangiogenesis with 
drug or agent in the presence of a compound which blocks the 
action of sVEGFR-2 would be indicative of a compound that 
inhibits lymphangiogenesis by interacting with sVEGFR-2. 
Similar screening assays can be performed comparing lym 
phangiogenesis in wild-type cells versus cells in which the 
genes for sVEGFR-2 are knocked out, with inhibition of 
lymphangiogenesis in wild-type cells due to exposure to drug 
agent and no inhibition in the knockout cells being indicative 
of the drug or agent inhibiting lymphangiogenesis by inter 
acting with sVEGFR-2. 

These and other embodiments of the present invention will 
readily occur to those of ordinary skill in the art in view of the 
disclosure herein, and are specifically contemplated. 

EXAMPLES 

The invention is further understood by reference to the 
following examples, which are intended to be purely exem 
plary of the invention. The present invention is not limited in 
scope by the exemplified embodiments, which are intended as 
illustrations of single aspects of the invention only. Any meth 
ods that are functionally equivalent are within the scope of the 
invention. Various modifications of the invention in addition 
to those described herein will become apparent to those 
skilled in the art from the foregoing description. Such modi 
fications fall within the scope of the appended claims. 

Example 1 

sVEGFR-2 is the Product of Alternative Splicing of 
the VEGFR-2 Pre-mRNA 

By modeling the alternative splicing event of SVEGFR-2 
analogous to that of sVEGFR-1 (Kendall et al., Proc. Natl. 
Acad. Sci. U.S.A., 90(22): 10705-9, 1993), we determined 
that the retention of intron 13-14 yields a truncated transcript 
variant whose protein product lacks the transmembrane and 
intracellular tyrosine kinase domains present in the full length 
cell Surface protein. This is because an early termination 
codon is present 39 nucleotide downstream (13 amino-acids) 
from this alternate exon/intronjunction. 

To demonstrate the presence of this novel soluble splicing 
variant in the mouse cornea and lung, we devised primers 
targeting an area of intron 13-14 and exon 12 (FIG. 14A). 
Targeting exon 12 allowed us to discern between amplifica 
tion of cDNA derived from mRNA or from possible genomic 
DNA contamination based on amplicon size. PCR resulted in 
a 393 bp product encompassing the site where the alternative 
splicing event occurs (FIG. 14B). Computational analysis of 
intron 13-14 revealed 3 potential polyadenylation (PolyA) 
signal sequences (Cheng et al., Bioinformatics, 22(19): 2320 
5, 2006). Using 3'RACE PCR we demonstrated that the third 
potential polyA signal, at position 3956-61, was indeed active 
(FIG. 15). Next, we used PCR to clone the entire ORF of 
sVEGFR-2 (2.1 kb) (FIG. 15, left panel) using cDNA from 
mouse cornea. All PCR products were cloned into a TOPOTA 
vector (Invitrogen) and DNA sequencing was performed by 
the University of Kentucky Advanced Genetic Technologies 
Center using a multi-color fluorescence based DNA sequen 
cencer (ABI 3730xl). 

Translation of the mouse sVEGFR-2 mRNA sequence and 
predicted sequence of the human sVEGFR-2 yields proteins 
that measure approximately 75.25 kDa and 75.91 kDa, 
respectively. While mouses VEGFR-2 unique amino acid (aa) 
tail sequence is comprised of 13 aa (GMEASLGDRIAMP), 
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the human unique c-terminus is predicted to be 16 aa long 
(GRETILDHCAEAVGMP). Polyclonal antibodies targeting 
these unique sequences are useful for specifically identifying 
and measuring mouse and human SVEGFR-2. 

Example 2 

Corneal SVEGFR-2 mRNA Levels are Increased 
after Corneal Injury 

The detection of sVEGFR-2 transcript in the cornea com 
pared to lung (an organ known to express high levels of 
VEGFR-2 (Voelkelet al., Am. J. Physiol. Lung Cell Mol. 
Physiol., 290(2): L209-21, 2006)) was nearly negligible by 
RT-PCR (lane 1 from FIG. 14B). We investigated the effects 
of corneal injury (i.e., Suture placement) on the levels of 
sVEGFR-2 mRNA by RT-PCR. RNA was isolated from 
untreated corneas (d.0) and from corneas 1, 2 and 5 days after 
suture placement. We observed a relative increase in the 
mRNA level of SVEGFR-2 as early as 1 day after suture 
placement (FIG. 16). 

Example 3 

Corneal SVEGFR-2 Protein Levels are Undetectable 
in Normal Cornea, but Become Apparent after 

Corneal Injury 

We have previously shown that under normal/non-inflam 
matory conditions, the levels of VEGFR-2 protein in the 
mouse cornea are below the detection threshold of a Western 
blotting technique using a rabbit derived polyclonal antibody 
that targets the extracellular domain of VEGFR-2 (Ambati et 
al., Nature, 443 (7114): 993-7, 2006). See also the 2nd lane of 
FIG. 17. However, experiments aimed at probing for the 
presence of VEGFR-2 in corneal lysate 5 days after suture 
placement have unveiled an immunoreactive band migrating 
at approximately 80 kDa (3rd lane of FIG. 17), which is like 
the band of comparable molecular weight detected in mouse 
lung (1st lane of FIG. 17). The 230 kDa band corresponding 
to mbVEGFR-2 (evident in lung lane of FIG. 17) does not 
appear in the mouse cornea even 5 days following injury. This 
indicates that the cornea preferentially expresses a truncated 
form of VEGFR-2. 

Example 4 

sVEGFR-2 Protein is Expressed by Non-Metastatic 
Prostate Cancer Cells, but Undetected in Metastatic 

Prostate Cancer by Western Blotting 

To study the anti-lymphangiogenic activity of sVEGFR-2, 
we examined the presence of this molecule in lysates from 
LnCap (human prostatic cancer cells). Phenotypically, non 
metastatic LnCap cells are known to not permit the growth of 
lymphatic vessels in its stroma; however, once metastatic, 
these tumors are no longer capable of preventing lymphatic 
vessel growth. These vessels become the pathway through 
which metastasis occur. Interestingly, we observed that 
sVEGFR-2 is detectable in lysates from the non-metastatic 
cells, but it is undetectable in the metastatic cell line by 
Western blotting (FIG. 18). 

Example 5 

Genetic Ablation of SVEGFR-2 is Associated with 
Increased Suture Induced Lymphangiogenesis 

Because the systemic deletion of vegfr-2 gene is embry 
onically lethal (Shalaby et al., Nature, 376(6535): 62-6, 
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1995), we resorted to the Creflox-p conditional genetic abla 
tion system aimed at excising the vegfr-2 gene from the 
mouse cornea of vegfr-2'' (also known as flk-1''') 
transgenic mice (gift of Dr. Janet Rossant, University of Tor 
onto). Using the vegfr-2'' mice, we attempted to attain 
conditional vegfr-2 ablation by injecting their corneas with 
either a plasmid encoding for the Cre-recombinase protein 
(pCRE) or an analogous empty plasmid (pNull) used as con 
trol in the fellow eye. These experiments showed that by using 
the above described paradigm 3 days prior to corneal Suture 
placement, we were able to diminish the suture induced rise in 
sVEGFR-2 levels in the pCRE treated eyes to nearly unde 
tectable amounts by Western blotting (FIG. 19). More impor 
tantly, the conditional genetic ablation of vegfr-2 in the cor 
nea was associated with increased lymphangiogenesis in the 
pCRE treated eye compared to the pNull injected fellow eye 
of vegfr-2'-' as shown in FIGS. 20 and 21 (p<0.05). To 
ensure that the observed phenotypic changes were not caused 
by a non-specific effect of Cre-recombinase, we performed 
the same experiment in wild-type (WT) mice and found no 
difference in degree of lymphangiogenesis (lyve-1 positive 
staining) between WT injected with pCRE, WT injected with 
pNulland vegfr-2'' injected with pNull (FIG.21). Alto 
gether, these data indicate that sVEGFR-2 is involved in 
modulating lymphangiogenesis. 

Example 6 

Effect of SVEGFR-2 on Corneal Lymphangiogenesis 
and Corneal Allograft Survival 

FIG. 22 illustrates that transfection of corneal epithelial 
cells with a naked plasmid coding for sVEGFR-2 (ps 
VEGFR-2) is associated with diminished suture-induced 
lymphangiogenesis compared with transfection with a con 
trol empty plasmid (pNull) (n=8; *P<0.05). FIG. 23 illus 
trates that preemptive administration of SVEGFR-2 into the 
cornea significantly increases corneal allograft Survival 
(n=10-12: *P<0.05) and prevents lymphatic vessels from 
crossing the interface between the graft and its bed (recipient 
corneal rim). 

It will be appreciated that, although specific embodiments 
of the invention have been described herein for purposes of 
illustration, various modifications may be made without 
departing from the spirit and scope of the invention. All Such 
modifications and variations are intended to be included 
herein within the scope of this disclosure and the present 
invention and protected by the following claims. 

Example 7 

Localizing sVEGFR-2 in the Cornea 

The sVegfr2 transcript described herein was localized by in 
situ hybridization principally to the corneal epithelium. 
Immunolocalization using AA21127 in the newborn mouse 
demonstrated the presence of SVEGFR-2 in the corneal epi 
thelium and stroma. In the adult cornea, sVEGFR-2 was more 
abundant in the epithelium than in the Stroma. In contrast, 
sVEGFR-2 was not immunolocalized in the adjoining con 
junctiva, which contains lymphatic vessels. SVEGFR-2 was 
identified in the cornea as a 75 kDa species by western blot 
ting both by AA21127 and T014. However, 230 kDa mem 
brane bound VEGFR-2 (mbVEGFR-2) was not detected in 
the cornea by western blotting using T014 or by immunof 
luorescence using an antibody targeting the carboxyl-termi 
nus of mbVEGFR-2, which is not present in sVEGFR-2. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
Neither was the mbVegfr2 transcript detected in the cornea by 
RT-PCR. Thus, the mouse cornea expresses sVEGFR-2 but 
not mbVEGFR-2. 

Example 8 

sVEGFR-2 is Essential for Alymphatic Cornea 

To define the function of SVEGFR-2 in the cornea, we 
targeted it using multiple strategies. Because Vegfr2 mice 
die in utero (Shalaby, F., et al. Nature 376, 62-66 (1995), we 
conditionally ablated corneal sVEGFR-2 using a Cre-loxP 
strategy. This strategy enabled the specific targeting of 
sVEGFR-2 because mbVEGFR-2 is not expressed in the 
cornea. We created Vegfr2''' mice by targeting exon 1 
and interbred them with LeCre mice that constitutively and 
uniformly express Cre recombinase in the corneal 5. Mice of 
all genotypes were born at the expected mendelian ratios and 
were macroscopically indistinguishable from one another. 
Strikingly however, all LeCre/Vegfr2''' mouse corneas 
(n=30), which verifiably lacked sVEGFR-2 expression, were 
densely covered with lymphatic vessels on the day of birth 
(PO). These vessels were identified as lymphatics by virtue of 
their intense LYVE-1 reactivity, moderate CD31 reactivity, 
nuclear ProX1 expression, and blind-ended morphology. 
Although LYVE-1 + macrophages have been described in the 
cornea', nuclear expression of Prox1 in these vessels con 
firms their lymphatic origin. Furthermore, ultrastructural 
examination showed that these vessels lacked erythrocytes, 
did not have a continuous basement membrane, and con 
tained partly overlapping thin endothelial cells free of peri 
cyte coverage, all features typical of lymphatics. Surprisingly 
these corneas were not invaded by blood vessels as demon 
strated by the absence of CD31+ LYVE-1- vessels. We con 
firmed this independently by demonstrating that the vessels in 
these corneas did not express MECA-32, a blood vessel 
specific marker. All littermate control corneas (n=30) were, 
like wild-type mice, devoid of both lymphatic and blood 
vessels. 

Example 9 

sVEGFR-2 is a VEGF-C Antagonist 

The results presented herein indicate that the developing 
mouse cornea is exposed to pro-lymphangiogenic stimuli that 
are counterbalanced by sVEGFR-2 to create an alymphatic 
cornea. Indeed wild-type P0 corneas, unlike adult corneas, 
expressed VEGF-C. Without wishing to be bound by theory, 
we reasoned that sVEGFR-2 ablation led to spontaneous 
corneal lymphangiogenesis because SVEGFR-2 trapped 
VEGF-C. Indeed, the levels ofs VEGFR-2 (2,395+260 pg/ml: 
1,655.8+44.62 pg. per mg of total protein) in the wild-type P0 
cornea were sufficiently in excess of VEGF-C (65.7+4.7 
pg/ml. 45.4-3.2 pg per mg of total protein) to fulfill a trapping 
function. We confirmed that sVEGFR-2, which contains the 
VEGF-C binding Ig-like domain 2 of mbVEGFR-2 (Jeltsch, 
M., et al. J Biol Chem 281, 12187-12195 (2006)), interacted 
with VEGF-C by immunoprecipitation and inhibited both 
VEGFR-3 phosphorylation and proliferation of lymphatic 
endothelial cells (LECs) stimulated by VEGF-C. We also 
found that VEGF-C-induced corneal lymphangiogenesis was 
inhibited by psVEGFR-2 (FIG. 24). Collectively, these data 
are consistent with a model of sVEGFR-2 acting as an endog 
enous sink for VEGF-C during corneal development and 
thereby establishing an alymphatic cornea. 
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It has been reported that mouse VEGFR-2 binds human but 
not mouse VEGF-D (Baldwin, M. E., et al. J Biol Chem 276, 
19166-19171 (2001)). Consistent with this report, 
psVEGFR-2 inhibited corneal lymphangiogenesis induced 
by human but not mouse VEGF-D (FIG. 24). We also found 
that, unlike VEGF-C. VEGF-D was not expressed in the 
newborn mouse cornea, thus accounting for the ability of 
sVEGFR-2 to maintain the alymphatic nature of the cornea. 

Example 10 

sVEGFR-2 Displays Selective 
Anti-Lymphangiogenic Effects 

sVEGFR-2 Inhibits Reparative Lymphangiogenesis 
To determine the function of SVEGFR-2 in the adult, we 

studied a clinically relevant mouse model of Suture-induced 
corneal neovascularization (Streilein... et al., Invest Opthal 
mol Vis Sci 37, 413-424 (1996)). Suture injury increased 
corneal sVEGFR-2 expression in wild-type mice. Ablating 
sVEGFR-2 by intracorneal administration Ambati, B. K., et 
al. Nature 443,993-997 (2006) of a plasmid encoding for Cre 
recombinase (pCre) in Vegfr2''' mice markedly 
increased suture-induced lymphangiogenesis but not heman 
giogenesis compared to pNull administration by 161+9% 
(P<0.05, n=5). This outstripping of hemangiogenesis by lym 
phangiogenesis suggests that induction of endogenous 
SVEGFR-2 by injury is a compensatory anti-lymphangio 
genic response. Both pCre and pNull-injected corneas of 
wild-type mice showed similar degrees of lymphangiogen 
esis following Suture injury, excluding a non-specific effect of 
Cre recombinase (FIG. 25A). pCre induced enhancement of 
suture-induced lymphangiogenesis in Vegfr2''' mice 
was reduced by a VEGFR-3 tyrosine kinase inhibitor (Kirkin, 
V., et al., EurJ Biochem 268,5530-5540 (2001); Le Bras, B., 
et al., Nat Neurosci 9,340-348 (2006); Bruyere, F., et al., Nat 
Methods 5, 431–437 (2008) and Ny, A., et al., Blood 112, 
1740-1749 (2008)), supporting the concept that endogenous 
sVEGFR-2 is an in vivo VEGF-C antagonist. Conversely, 
augmenting sVEGFR-2 via in vivo transfection (Ambati, B. 
K., et al., Nature 443, 993-997 (2006)) of wild-type mouse 
corneas with psvEGFR-2, but not pNull, reduced suture 
injury-induced lymphangiogenesis but not hemangiogenesis 
by 76+6% (P<0.05, n=5) (FIG.3c,d). 

Monomeric sVEGFR-2 does not Block Hemangiogenesis 
These selective anti-lymphangiogenic effects of 

sVEGFR-2 were unexpectedly specific because 
mbVEGFR-2 is capable of binding VEGF-A and promoting 
hemangiogenesis. To explain this selective bioactivity, we 
first sought to determine whether sVEGFR-2 existed in 
monomeric or dimeric form because a recombinant form of 
the ectodomain of mbVEGFR-2 has been shown to be a 
monomer that has little or no affinity for VEGF-A compared 
to a dimeric recombinant VEGFR-2/Fc fusion protein (Ro 
eckl, W., et al., Exp Cell Res 241, 161-170 (1998); Fuh, G., et 
al., J Biol Chem 273, 11 197-11204 (1998) and; Wiesmann, 
C., et al., Cell 91, 695-704 (1997)). We found that recombi 
nant SVEGFR-2 migrated at equivalent apparent molecular 
masses under both non-reducing and reducing conditions of 
western blotting (FIG. 25A) confirming that it exists as a 
monomer. In contrast, the migration of VEGFR-2/Fc was 
consistent with it being a dimer. Next we tested the in vivo 
effects of monomeric SVEGFR-2 and dimeric VEGFR-2/Fc 
on models of corneal neovascularization induced by injury or 
growth factors. We found that suture-induced corneal heman 
giogenesis, which is driven principally by upregulation of 
endogenous VEGF-A (Cursiefen, C., et al., J. Clin Invest 113, 
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1040-1050 (2004)), was inhibited by VEGFR-2/Fc but not 
sVEGFR-2 (FIG. 25B). Similarly, VEGF-A-induced corneal 
hemangiogenesis was inhibited by VEGFR-2/Fc but not by 
sVEGFR-2 orps VEGFR-2 (FIG. 25C). These functional data 
demonstrate that only the dimeric form of VEGFR-2 can 
antagonize VEGF-A-driven hemangiogenesis in Vivo and 
corroborate the previously reported in vitro differential 
VEGF-A binding avidity between monomeric and dimeric 
forms of VEGFR-2. 

Example 11 

sVEGFR-2 Enhances Corneal Transplant Survival 

Because lymphangiogenesis has been implicated in cor 
neal allograft rejection (Cursiefen, et al., Cornea 22, 273-281 
(2003)), we studied the function of SVEGFR-2 in a mouse 
model of corneal transplantation. A single intracorneal 
administration of dimeric VEGFR-2/Fc more than doubled 
transplant survival rate (105% increase compared to the IgG/ 
Fc treatment and 1.01% compared to no treatment; P-0.05, 
n=10-13; FIG. 26a). The dramatic reduction in rejection rate 
induced by VEGFR-2/Fc administration (75% compared to 
the IgG/Fc treatment and 74% compared to no treatment) is 
consistent with the observed reduction in blood vessel and 
lymphatic sprouting through the donor-recipient interface 
(FIG. 26b). Surprisingly, a single intracorneal administration 
of monomeric sVEGFR-2 induced the same degree of corneal 
allograft survival as dimeric VEGFR-2/Fc despite reducing 
sprouting only of lymphatic but not blood vessels through the 
donor-recipient interface (FIG. 26a,b). These data Suggest 
that impairment of the establishment of the afferent arm of the 
immune-arc-reflex (Liu, et al. J Exp Med 195, 259-268 
(2002); Yamagami, S. & Dana, M. R., Invest Opthalmol Vis 
Sci 42, 1293-1298 (2001)) alone is sufficient to enhance cor 
neal allograft survival. Further, the rate of allograft survival 
following a single local administration of sVEGFR-2 was at 
least as great as the rate of Survival induced by multiple 
systemic administrations of a VEGFR-3 antagonist in a prior 
study (Chen, L., et al. Nat Med 10, 813-815 (2004)). Apart 
from reducing lymphangiogenesis, and without wishing to be 
bound by theory, it also is possible that sVEGFR-2 promoted 
allograft survival by inhibiting VEGF-C-induced VEGFR-3 
signaling in corneal dendritic cells and preventing their trans 
migration into the draining lymph node (Chen, L., et al. Nat 
Med 10, 813-815 (2004)). Collectively, these data provide a 
novel experimental strategy to uncouple hemangiogenesis 
from lymphangiogenesis and a new endogenous therapeutic 
target for improving Survival of this most common Solid 
transplant in humans. 

Example 12 

sVEGFR-2 Inhibits Lymphangioma Cellular 
Proliferation 

Lymphangioma is a common disfiguring childhood neo 
plasia whose etiology is unknown. Human lymphangioma 
endothelial cells (LaFCs) produce VEGF-C and express 
VEGFR-3 (Kaipainen, A., et al. Proc Natl AcadSci USA 92, 
3566-3570 (1995); Huang, H.Y., et al.; Lab Invest 81, 1729 
1734 (2001), and; Norgall, S., et al., BMC Cancer 7, 105 
(2007)), suggesting that their growth could be inhibited by 
disrupting this axis. Previously we described the isolation of 
LaFCs from axillary lymphangiomas in two human infants 
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(Norgall, S., et al., BMC Cancer 7, 105 (2007)). We found that 
sVEGFR-2 abolished VEGF-C-induced proliferation of both 
these LaFCs. 

Lymphatic endothelial cells were isolated from lymphan 
giomas of 4-month-old and 10-month-old children (Huang, 
X., et al., Biochem Biophy's Res Commun 252, 643-648 
(1998)) were grown in EGM2-MV growth media containing 
5% FBS. Cells were passaged onto a 96-well plate (5000 
cells/well) in basal media (MCDB131) containing 2% FBS, 
and allowed to adhere overnight. Cultures were then treated 
with 200 ng/ml recombinant human wild-type (WT) VEGF-C 
(Reliatech) alone or together with 25 ug/ml of sVEGFR-2 
(Reliatech) in basal media with 0.1% FBS. Cell proliferation 
was measured after 24h by using BrdU cell proliferation kit 
(Chemicon) according to the manufacturers instructions. 
The results are presented in FIG. 27. VEGF-C-induced pro 
liferation of lymphatic endothelial cells (a, Patient #1 is a 
10-month old child; b, Patient #2 is a 4-month-old child) was 
abolished by sVEGFR-2 (25 ug/ml). n=6-9. NS, not signifi 
cant: *, P<0.05: Significance by Mann Whitney U test. Error 
bars depicts.e.m. 

Example 13 

Non-Ocular Role of SVEGFR-2 

We found sVegfr2 expression by Northern blotting of poly 
A-enriched RNA isolated from various mouse organs (FIG. 
28), suggesting that sVEGFR-2 might have functional roles 
outside the eye. In situ hybridization with a sVegfr2 probe 
demonstrated that sVegfr2 mRNA expression was abundant 
in the alymphatic epidermis of the skin as well as in the hair 
follicles of wild-type mice. The sVEGFR-2 protein was 
immunolocalized in the epidermis, hair follicles, and, consis 
tent with its ability to diffuse, also in the dermis of wild-type 
mice. In contrast, mbVEGFR-2 was expressed in the skin 
vasculature, but not in the epithelial cells or hair follicles. As 
in the cornea, VEGF-C was expressed in the P0 wild-type 
mouse skin but undetectable in the adult. Excess VEGF-C in 
the skin, achieved by either transgenic overexpression or 
implantation of overexpressing cells, leads to hyperplasia but 
not sprouting of lymphatic vessels (Jeltsch, M., et al. Science 
276, 1423-1425 (1997), Goldman, J., et al., Circ Res 96, 
1193-1199 (2005)). To determine the function of sVEGFR-2 
in the skin, we interbred Vegfr2'-' mice with K14Cre 
mice that constitutively and uniformly express Cre recombi 
nase in the epidermis and hair follicles (Vasioukhin, V., et al., 
Proc Natl AcadSci USA96, 8551-8556 (1999)). This strategy 
specifically targets sVEGFR-2 because the epidermis and 
hair follicles express sVEGFR-2 but not mbVEGFR-2. Strik 
ingly, in all P0 K14Cre/Vegfr2''' mouse skin, which 
lacked sVEGFR-2 expression, there was dramatic enlarge 
ment of lymphatic vessels compared to those in littermate 
control skin (FIG. 29A). These dilated skin lymphatics in 
K14Cre/Vegfr2' mice also were hyperplastic (FIG. 
29B). However, the density of lymphatic structures, as quan 
tified by branch point analysis, was not greater in K14Cre/ 
Vegfr2' mice, just as in mouse skin exposed to excess 
VEGF-C (FIG. 29C). In contrast to the lymphatic architec 
tural changes, there was no increase in skin blood vessel 
diameteror density in K14Cre/Vegfr2''' mice. The reca 
pitulation of VEGF-C overexpression induced selective lym 
phatic hyperplasia in mice lacking sVEGFR-2 further sup 
ports sVEGFR-2 acting as an in vivo antagonist of VEGF-C. 
A protein immunoreactive to an antibody recognizing the 

amino-terminus of VEGFR-2 has been detected in plasma 
and shown to be a surrogate biomarker of tumor growth 
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(Ebos, J. M., et al. Mol Cancer Res 2,315-326 (2004); Ebos, 
J. M., et al. Cancer Res 68,521-529 (2008); Ebos, J. M., Proc 
Natl AcadSci USA 104, 17069-17074 (2007)). However, its 
molecular identity (whether it is encoded by a splice variant 
of Vegfr2 orderived from ectodomain shedding or proteolytic 
cleavage of mbVEGFR-2) and cellular source have been elu 
sive. We found that the circulating VEGFR-2 in plasma was 
immunoreactive to both AA21127 and T014 but not an anti 
body recognizing the carboxyl-terminus of mbVEGFR-2 
(FIG. 30A). Mouse blood endothelial cell (BEC) lines 
derived from the microvasculature of the brain, pancreas, or 
skin all synthesized and secreted SVEGFR-2, far in excess of 
LEC production (FIG.30B,C). Also sVEGFR-2 was detected 
by immunofluorescence using AA21127 in mouse lung 
microvasculature, identifying BECs as sources of plasma 
sVEGFR-2. Without wishing to be bound by theory, the pro 
duction of anti-lymphangiogenic sVEGFR-2 by BECs could 
be one of the mechanisms underlying the observation that 
lymphangiogenesis typically lags behind hemangiogenesis in 
many neovascular models. Surprisingly, plasma levels of 
sVEGFR-2 were significantly lower in K14Cre/Vegfr2" 
to A mice compared to littermate controls (FIG. 30D), Sug 
gesting that the skin epithelium also is a source of circulating 
sVEGFR-2. An earlier report showing that K14-driven 
recombinant soluble VEGFR-3 led to measurable circulating 
levels of the engineered protein 40 supports the concept that 
endogenous skin-derived sVEGFR-2 also can enter the cir 
culation. 
Materials and Methods 

Corneal injury. Suture injury was performed as previously 
reported (Cursiefen, C., et al. VEGF-J Clin Invest 113, 1040 
1050 (2004)). Naked plasmids coding for Cre-recombinase 
(gift of R. K. Nordeen, University of Colorado), mouse 
sVEGFR-2 (psVEGFR-2), mouse VEGF-A (pmVEGF-A, 
Addgene plasmid 10909), VEGF-C (pmVEGF-C, gift of K. 
Miyazono, University of Tokyo, Japan), VEGF-D (pmVEGF 
D, Open Biosystems, 3028644) and human VEGF-D (ph 
VEGF-D, TrueClone, Origene, SC 122680), were utilized for 
in vivo enforced expression studies as shown earlier (Ambati, 
B. K., et al. Nature 443,993-997 (2006)). VEGFR-2/Fc chi 
mera (5 Jug, R&D Systems), human IgG/Fc (5 Jug, Jackson 
Immunoresearch), or sVEGFR-2 (5ug) were injected in the 
cornea with 33-gauge needle (Ambati, B. K., et al. Nature 
443,993-997 (2006)). Corneal grafts from donor C57B1/6J 
mice (The Jackson Laboratory) were transplanted into recipi 
ent Balb/C (The Jackson Laboratory) mice and clinically 
evaluated for 8 weeks as previously described 52. VEGFR-3 
inhibition was achieved by Systemic administration (daily 
intraperitoneal injections) of MAZ51 (8 mg/kg, EMD 
Chemicals). 

Immuno-morphometric analyses. Immunostaining and flat 
mounting were performed as previously shown (Ambati, B. 
K., et al. Nature 443, 993-997 (2006)) using rabbit anti 
mouse LYVE-1 antibody (Abcam: 1:333), rat anti-mouse 
CD31 antibody (BD Biosciences; 1:50), rat-anti-mouse 
MECA-32 antibody (BDBiosciences; 1:10), goat anti-mouse 
LYVE-1 antibody (R&D, 1:100), and rabbit anti-mouse 
ProX-1 (Angiobio; 1:500) for 48 h at 4°C. Alexa Fluor 488 
(goat anti-rabbit; 1:200) and Alexa Fluoriš94 (goat anti-rat; 
1:200), Alexa Fluor488 (donkey anti-goat; 1:200, Invitro 
gen), or Cy3 conjugated donkey anti-rabbit (Jackson Immu 
noResearch; 1:400) for 24h were used as secondary antibod 
ies. Tissue mounts were visualized under fluorescent 
microscopy (Leica SP-5) and analyzed with Image.J (NIH). 
Mean percentage LYVE-1" (lymphatic vessels) or CD31"/ 
LYVE-1T (blood vessels) areas were calculated for corneal 
flat mounts and skin whole mounts using Image.J Software. 
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The number of Prox 1" nucleiwithin LYVE-1"skin lymphatic 
vessels were counted in 12 random fields and expressed as 
LEC density per 100 um. The density of lymphatic structures 
was determined by counting lymphatic vessel branch points 
per unit area (750 umx750 um) on standard low-magnifica 
tion LYVE-1- stained images of the mouse skin. 

Animals. Balb/C, C57B1/6J, and K14Cre mice were pur 
chased from The Jackson Laboratory. Vegfr2'' (flox) 
mice were generated as described below. LeCre micel, which 
constitutively and uniformly express Cre recombinase in the 
cornea were a gift of R. Ashery-Padan and P. Gruss via D. C. 
Beebe. For all procedures, anesthesia was achieved by intra 
peritoneal injection of 50 mg/kg ketamine hydrochloride 
(Fort Dodge Animal Health, Wyeth) and 10 mg/kg xylazine 
(Phoenix Scientific). Experiments were approved by institu 
tional review boards and conformed to the Association for 
Research in Vision and Opthalmology Statement on Animal 
Research. Generation of Vegfr2-flox mice. The targeting vec 
tor for a conditional allele for the Vegfr2 gene was constructed 
as follows. A 4.8 kb genomic fragment between HindIII and 
SmaI from the Vegfr2 locus harboring the first exon was 
subcloned and a single loxP site was introduced into EcoRI 
site with a disruption of the original site. A 5.7 kb genomic 
fragment between SmaI and SalI from the Vegfr2 locus was 
subcloned into the vector mentioned above, followed by the 
insertion of a construct harboring another loxP site and PGK 
neo cassette flanked by frt sites. PGK-HSV-tk cassette was 
added to the targeting vector at the end. The vector was 
linearized with NotI and electroporated into R1 ES cells. 
Correctly targeted ES cell lines (Vegfr2-flox-neo allele) were 
verified by Southern blot analysis. Chimeric mice were gen 
erated by morula aggregation (Nagy et al. PNAS USA 
90:8424-8428 (1993)), and males were crossed with ICR 
(Harlan Sprague Dawley) random outbred females. After suc 
cessful germline transmission of the targeted allele, the PGK 
neo cassette flanked by frt sites was removed to establish 
Vegfr2-flox allele by crossing with an FLPe deleter strain 
(Rodriguez et al., Nat. Genet. 25:139-140 (2000)). Deletion 
was verified by Southern blotting and PCR analysis. To test 
the deletion of the exon 1 from the Vegfr-2 gene (Vegfr2-del 1 
allele), Vegfr2-flox heterozygous mice were crossed with a 
Cre deleter strain (a gift from A. Nagy, Samuel Lunenfeld 
Research Institute, Toronto, Canada). Deletion was verified 
by Southern blotting and PCR analysis. We also confirmed 
that the embryonic phenotype of Vegfr2' mice was 
identical to that of Vegfr2 mice (data not shown)(Shalaby 
et al., Nature 376:62-66 (1995)). PCR analysis for genotyp 
ing Vegfr2 mutant mice was performed with tail DNA at an 
annealing temperature of 65°C. with the following primers: 

SEO ID NO: 34 
Vegfr-2-S1, 5'-TGGAGAGCAAGGCGCTGCTAGC-3'; 

SEO ID NO: 35 
vegfr-2-A, 5'-CTTTCCACTCCTGCCTACCTAG-3'; 
and 

SEO ID NO: 36 
Vegfr-2-S2, 5'-AATTTGGGTGCCATAGCCAATC-3'. 

The wild-type, flox, dell alleles gave 322-bp, 439-bp, and 
218-bp bands, respectively. 

Conditional Vegfr2 gene ablation. We achieved embryonic 
conditional genetic ablation of Vegfr2 in the cornea by cross 
breeding Vegfr2''' mice with LeCre mice (Asherey 
Padanet al., Genes Dev. 14:2701-2711 (2000)). Alternatively, 
to target Vegfr2 in the adult mouse cornea, we performed 
intracorneal injections of naked plasmids5 containing the 
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sequence for Cre recombinase (pCre; 20 g; gift of R. K. 
Nordeen, University of Colorado) or an empty plasmid 
(pNull: 20 ug) in fellow eyes of Vegfr2''' or BALB/c 
mice 3 days prior to Suture placement. To achieve embryonic 
conditional genetic ablation of Vegfr2 in the epidermis, we 
cross-bred Vegfr2'' mice with K14Cre mice that con 
stitutively express Cre recombinase in the skin epidermis and 
hair follicle. 

Corneal Suture Placement. Two intrastromal 11-0 sutures 
(Mani, Japan) were placed in the mouse cornea 180° from 
each other. All sutures were placed in the midpoint between 
the limbus and the corneal apex. They were left in place for up 
to 14 days. 

Corneal Transplantation. Following anesthesia, donor cor 
neal grafts were excised from a central 2-mm corneal button 
using trephine and Vannas Scissors (Inami, Japan). The cor 
neal buttons were kept in cold sterile PBS until the time of 
transplantation. The recipient corneal graft beds were pre 
pared by similarly removing 1 0.5-mm corneal button, with 
trephine and Vannas Scissors (Inami, Japan). The donor cor 
neas were held in place by 10-12 interrupted 11-0 sutures 
(Mani, Japan). Antibiotic ointment (Poly-Bac, Akorn) were 
applied to the corneal Surface for 8 days after Surgery and 
sutures were removed 7 days after the procedure. Recombi 
nant VEGFR-2/Fc (10 ug, R&D Systems), IgG/Fc (10 ug, 
Jackson Immunoresearch) or sVEGFR-2 (10 ug) were 
injected in the corneal bed immediately before transplanta 
tion. Post-operative evaluations were performed under a 
biomicroscope on a weekly basis by 2 independent examin 
ers. Mice with post Surgical complications (i.e., synechiae, 
hyphema, cataract, collapsed anterior chamber) were 
excluded from the study. Transplant survival was determined 
by an established semi-quantitative method 6 based on the 
clinical appearance of the grafted corneas: corneas with an 
opacity score 2 (Moderate stromal opacity, where pupil is 
visible and iris obscured) lasting for over 8 weeks were con 
sidered rejection. 
sVEGFR-2 overexpression vector construction. The 

cloned nucleic acid molecule containing the coding sequence 
of sVegfr2, SEQID NO: 2, was extracted from agarose gel, 
sequenced and inserted into a pcDNA3.1 (Invitrogen) over 
expression vector (psWEGFR-2) according to manufacturer 
instructions. 
sVEGFR-2 enforced expression. Human embryonic kid 

ney (HEK) 293 cells were cultured in DMEM (Invitrogen) 
containing 10% FBS, penicillin G (100 units/ml), streptomy 
cin sulfate (0.1 mg/ml) (all from Sigma Aldrich) at 37°C., 
10% CO2 and 90% room air. Upon attaining 80% confluence 
the cells were transfected (Lipofectamine 2000, Invitrogen) 
with psvEGFR-2 or an empty pcDNA3.1 plasmid (pNull) in 
serum-free media. Supernatant fractions from the media were 
collected 24 h following serum starvation and analyzed for 
protein content. Similarly, intracorneal corneal injections (20 
ug) of psvEGFR-2 or pNull were performed in vivo for 
enforced expression studies. 

Corneal angiogenesis assay. Corneas were transfected in 
vivo (Ambati et al., Nature, 443(7114): 993-7, 2006: Stech 
schulte et al., Invest. Opthalmol. Vis. Sci. 42:1975-'979 
(2001)) by intracorneal injections of naked plasmids (4 Jug) 
coding for mouse VEGF-A (Addgene plasmid 10909), 
VEGF-C (gift of K. Miyazono, University of Tokyo, Japan), 
VEGF-D (Open Biosystems, 3028644) and human VEGF-D 
(TrueClone. Origene, SC 122680). Plasmids coding for 
sVEGFR-2 (ps VEGFR-2) or pNull (empty plasmid-fellow 
eye) and VEGFR-2/Fc or sVEGFR-2 (5ug) were co-admin 
istered into the cornea at day 0 and day 7. At day 14, mice 
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were euthanized and angiogenesis was quantified by corneal 
flat mounts as previously described (Ambati et al., Nature, 
443(7114): 993-7, 2006). 
VEGFR-3 inhibition. Daily intraperitoneal injections of 

VEGFR-3 tyrosine kinase inhibitor (MAZ51, EMD Chemi 
cals, 8 mg/kg) were performed in pCretreated Vegfr2'' 
mice after corneal Suture placement for 14 consecutive days. 
Vehicle only (DMSO) was given as control treatment. 

Generation of SVEGFR-2 specific antibody. Peptide syn 
thesis was performed from C-terminus to N-terminus using 
Fmoc chemistry and a solid Support resin. Synthesized pep 
tides were purified and examined by MALDI-TOF mass 
spectrometry and reversed phase HPLC. Purified peptides 
include an N-terminal cysteine for directional conjugation to 
the carrier protein keyhole-limpet hemocyanin (KLH). Pep 
tide immunogens conjugated to KLH were used to generate 
immune responses in rabbits (pathogen-free, barrier-raised 
New Zealand White Rabbits). Immunizations and sera col 
lections were performed using a 79-day immunization proto 
col, then the Sera was purified using proprietary peptide affin 
ity chromatography techniques (ECM BioSciences). 
Enzyme LinkedImmunosorbent Assay (ELISA). Microti 

ter plates (96-well; Pierce) were incubated with 10 ng/well 
purified peptides (21127) or control peptide for 2 h at RT. 
After two washing steps with PBS to remove unbound pep 
tide, plates were blocked with 3% BSA in PBS. Next, purified 
rabbit antibody targeted against the C-terminus sequence of 
sVEGFR-2 (AA2 1127) was added at various dilutions for 1 
h. Plates were washed twice with 0.1% Tween 20 in TBS, then 
incubated for 30 min with donkey anti-rabbit Ig coupled to 
horseradish peroxidase (1:10,000 in TBS; Jackson Immu 
noresearch). After washing with 0.1% Tween 20 in TBS, 100 
ul of the colorimetric HRP substrate solution (OPD; Pierce) 
was added to each well. After 5 min, the reaction was stopped 
with 100 ul of 1 MHSO, and the plates were read at 650 nm. 
in a microplate reader. ELISAS were also used according to 
the manufacturers instructions to quantify sVEGFR-2 
(Quantikine, R&D Systems) and VEGF-C (Bender, Reliat 
ech). Measurements were normalized to total protein (Bio 
Rad). 

Immunohistochemistry. Deparaffinized sections were 
incubated with 10% normal goat serum (Vector Laborato 
ries). Endogenous peroxidase and alkaline phosphatase were 
quenched with 3% H2O2 and levamisole (Vector Laborato 
ries), respectively. Immunolocalization was performed with 
rabbit antibody against the unique C-terminus of sVEGFR-2 
(1:500, AA21127), rabbit antibody against the C-terminus of 
mbVEGFR-2 (1:100, clone ab2349, Abcam), rabbitantibody 
against LYVE-1 (1:200, clone ab14917, Abeam), rabbit anti 
body against Prox 1 (1:500, clone 102-PA32S, Angiobio) and 
goat antibody against VEGF-C (1:100, clone sc-25783, Santa 
Cruz, Biotechnology). Biotin-streptavidin-horseradish per 
oxidase (Vector Laboratories), alkaline-phosphatase (Invitro 
gen), or immunofluorescence (Alexa Fluor 488 and 594, 
Invitrogen) methods were used. Counterstain was obtained 
with hematoxylin (Vector Laboratories) or DAPI (1:25,000, 
Molecular Probes). Substitution of isotype non-immune IgG 
for the primary antibody or pre-adsorption of the primary 
antibody with a ten-fold molar excess of the immunizing 
peptide was used to assess specificity of staining. Images 
were visualized under light or fluorescent confocal micros 
copy (Leica SP-5) and analyzed with Image.J (NIH). Fluores 
cent images were thresholded equivalently and simulta 
neously. 

Transmission electron microscopy. Eyes were enucleated 
from wild-type and LeCre/Vegfr2''' mice and fixed in 
3.5% glutaraldehyde/.4% paraformaldehyde for 2 h followed 
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by preparation of uranyl acetate- and lead citrate-stained 
ultrathin sections for transmission electron microscopy stud 
ies (Phillips Biotwin). 

Corneal flat mounts and skin whole mounts. Following 
euthanasia the corneas and skin from the abdomen were iso 
lated, washed in PBS and fixed in 4% paraformaldehyde for 1 
h and acetone for 20 min at RT. They were then washed in 
0.1% Tween 20 in PBS and blocked on 3% BSA in PBS for 48 
h. Incubation with rabbit anti-mouse LYVE-1 antibody 
(Abeam; 1:333) and ratanti-mouse CD31 antibody (BD Bio 
sciences; 1:50) or rat-anti-mouse MECA-32 antibody (BD 
Biosciences; 1:10) or goat anti-mouse LYVE-1 antibody 
(R&D Systems; 1:100) and rabbitanti-mouse ProX-1 (Angio 
bio; 1:500) were performed for 48 hat 4°C. The tissues were 
again washed in 0.1% Tween 20 in PBS and incubated with 
Alexa Fluor 488 (goat anti-rabbit; 1:200) and Alexa Fluoriš94 
(goat anti-rat; 1:200) or Alexa Fluor488 (donkey anti-goat; 
1:200; all from Invitrogen) and Cy3 conjugated donkey anti 
rabbit (Jackson ImmunoResearch; 1:400) for 24 h. Tissue 
mounts were visualized under fluorescent microscopy (Leica 
SP-5) and analyzed with Image.J (NIH). 
PCR. RNA was isolated from mouse cornea using 

RNAqueous (Ambion) kit according to manufacturer instruc 
tions. Reverse Transcriptase PCR was carried out with Taq 
man (Applied BioSystems) per manufacturer instructions. 
Amplification of SVegfr2 fragment encompassing the splic 
ing site (Exon 13-Intron 13 junction) and the complete ORF 
was performed with the following primers: 5'-CGAG 
GAGAGAGGGTCATCTC-3'SEQ ID NO:37 (forward)/5'- 
CAGGGATGCCTCCATACC-3' SEQ ID NO:38 (reverse) 
and 5'-GCTCTGTGCCCAGCGCGAGGTGCAGGAT-3' 
SEQ ID NO:39 (forward)/5'-TGCTCTGCTTCCAGGAGT 
GTGCCAGCCT-3 SEQ ID NO:40 (reverse), respectively. 
Amplification of loading control Gapdh was performed with 
the following primers: 5'-AACTTTGTGAAGCTCATTTC 
CTGGTAT-3 SEQ ID NO:41 (forward)/5'-CCTTGC 
TGGGCTGGGTGGT-3 SEQID NO:42 (reverse).mbVegfr2 
primers were proprietary from Maxim Biotech. Positive con 
trol was mbVegfr2 cDNA (Maxim Biotech). 
3'-RACE PCR. 3'RACE ready cDNA was generated from 

total RNA using the following primer: 5'-AGAGAATTCAC 
CGGATCCTACCCGGGTTTTTTTTTTTTTTTTT-3 SEQ 
ID NO:43. Three potential polyadenylation signal sequences 
at positions 2360-5 (PolyA1), 3 165-70 (PolyA2) and 3956 
61 (PolyA3) within intron 13 of Vegfr2 were predicted by 
PolyASMV 2.1 software 8. Primers were designed to encom 
pass each of the three potential sites yielding an approximate 
400 bp PCR product. Forward primers were as follow: 5' 
TGGTACAAGCTTGGTCTCACAGGCAACAT-3 SEQ ID 
NO:44 (Poly A1), 5'-GCCACACTCATTGCCTGTACTC 
CTCTGG-3 SEQ ID NO:45 (PolyA2), 5'-ACTGCAGT 
TGGGTGATTTTCAGGAGCAC-3' SEQ ID NO:46 
(PolyA3). Reverse primer was 5'-GAGAATTCACCG 
GATCCTAC-3 SEQID NO:47. 
DNA sequencing. PCR products were cloned into TOPO 

TA vector (Invitrogen) and DNA sequencing was performed 
by the University of Kentucky Advanced Genetic Technolo 
gies Center using multi-color fluorescence based DNA 
sequencer (ABI 3730xl). 

In situ hybridization. In situ hybridization was performed 
on cryosections as previously described (Ambati et al., 
Nature, 443 (7114): 993-7, (2006)). Digoxigenin (DIG)-la 
beled sense and anti-sense riboprobes were transcribed from 
the mouse sVegfr2 cl DNA using the DIG-RNA-labeling kit 
(Boehringer-Mannheim). The sVEGFR-2 probe targeted a 
412 bp fragment (encompassing residues 3603 to 4015) at the 
unique 3' end of sVegfr2 mRNA. DIG-labeled probes were 
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hybridized, washed and incubated with alkaline phosphatase 
conjugated anti-DIG antibody (1:2000; Boehringer-Man 
heim) and stained with BM purple (Roche). 

Northern Blotting. For mRNA detection, commercially 
prepared membrane from Ambion containing 2 ug of polyA+ 
RNA isolated from various mouse organs and fractionated by 
agarose gel electrophoresis prior to transfer to the membrane 
were used. Membrane was hybridized in Northern Max 
hybridization solution (Ambion) with radiolabeled probes 
targeted at the unique tail of SVegfr2 transcript (412 bp. 
encompassing residues 3603 to 4015 of sVegfr2) at 42°C. for 
12 h, followed by two post-hybridization washes with 
2XSSC, 0.1% SDS and two additional washes with 0.2xSSC, 
0.1% SDS, all for 30 min each at 42°C. The blots were then 
exposed to a Typhoon phosphoimager screen for 3, then 7 d 
for image development. The radiolabeled probes were pre 
pared with Prime-it labeling kit (Stratagene) using random 
primers, high specific activitya-32P-dCTP (6,000 Ci/mmole) 
and 25 ng of isolated PCR fragments for sVegfr2 according to 
the manufacturers instructions. 
Mouse endothelial cell culture. Mouse blood endothelial 

cells from brain (Bend3, gift of C. D. Kontos, Duke Univer 
sity), pancreas (MS 1) and skin (Py4, both gifts from J. L. 
Arbiser, Emory University) and mouse lymphatic endothelial 
cells (mLEC; ref. 9) were cultured in DMEM (Invitrogen) 
containing 10% FBS, penicillin G (100 units/ml), streptomy 
cin sulfate (0.1 mg/ml) (all from Sigma Aldrich) at 37° C. 
10% CO2 and 90% room air. Upon attaining 80% confluence 
these cells were serum starved for 24 h when supernatant 
fractions were collected for sVEGFR-2 protein quantification 
by ELISA. Total RNA was also extracted for RT-PCR. 
Human lymphatic microvascular endothelial cell prolifera 

tion assay. Cultured human lymphatic microvascular endot 
helial cells (Cambrex) were maintained in EGM-2 MV 
(Clonetics) supplemented with 10% FBS and antibiotics at 
37° C. under 5% CO2. Once confluent cells were plated at 
96-well plate at a density of 30,000 cells/well. Cells were 
serum starved for 2 h and then exposed to media alone 
(MCDB 131+5% FBS), VEGF-C (200 ng/ml, R&D Systems) 
enriched media or VEGF-C enriched media with SVEGFR-2 
(13.6 ug/ml). This concentration of sVEGFR-2 corresponds 
to a molar ratio of approximately 11-13:1 compared to 
VEGF-C, and is therefore physiological in view of our find 
ing that sVEGFR-2 levels in the cornea are -20-fold higher 
thanVEGF-Clevels on a molar basis. Proliferation was quan 
tified using BrdU uptake (Chemicon International) at 36 h 
after incubation with VEGF-C. 

Lymphangioma proliferation assay. Lymphatic endothelial 
cells, isolated from lymphangiomas in 4-month-old and 
10-month-old children (Huang, X., et al., Biochem Biophys 
Res Commun 252, 643-648 (1998)), were grown in EGM2 
MV growth media containing 5% FBS. Cells were passaged 
onto a 96-well plate (5000 cells/well) in basal media 
(MCDB131) containing 2% FBS, and allowed to adhere over 
night. Cultures were then treated with 200 ng/ml recombinant 
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human wild-type (WT) VEGF-C (Reliatech) alone or 
together with 25 g/ml of SVEGFR-2 (Reliatech) in basal 
media with 0.1% FBS. Cell proliferation was measured after 
24h by using BrdU cell proliferation kit (Chemicon) accord 
ing to the manufacturers instructions. 

Western blotting. Mouse cornea lysates as well as cell 
culture supernatant were resolved by SDS 8% or 4-20% poly 
acrylamide gradient gel electrophoresis (PAGE) and trans 
ferred to nitrocellulose (NC) membranes. Immunoblotting 
was performed using a rabbit antibody against the amino 
terminus of mouse VEGFR-2 (1:1000; clone T014; ref. 11), 
custom made sVEGFR-2 specific antibody (1:1000; 
AA21127) and loading was assessed using rabbit antibody 
against human GAPDH (1:2000; Abcam). 

Silver staining. VEGFR-2/Fc or sVEGFR-2 were resolved 
by SDS 10% PAGE and stained using SilverSNAP (R) Stain 
(Pierce) according to manufacturer instructions. Immunopre 
cipitation studies. Recombinant mouse sVEGFR-2 (2 ug) 
was incubated with mouse recombinant VEGF-C (100 ng, 
Biovision) in PBS at 4°C. for 1 h. Immunoprecipitation was 
carried out with 2 ug of an anti-VEGFR-2 antibody or an 
isotype control IgG. Immobilized protein A/G beads (20 ul, 
Pierce) were used for precipitation. Samples were boiled, 
resolved by SDS-PAGE with respective positive controls (rs 
VEGFR-2 and rVEGF-C) and transferred to a NC membrane. 
Rabbit antibodies against VEGF-C (1:1000, Santa Cruz) and 
VEGFR-2 (1:1000, T014) were used to probe for VEGF-C 
and VEGFR-2 respectively. Immunoprecipitation of 
VEGFR-2 from mouse plasma was performed as described 
previously by others 12. Rabbit antibody against VEGFR-2 
(T014, 2 ug) was employed for immunoprecipitation. T014 
(1:1000), rabbit anti-VEGFR-2 (C) antibody (1:1000, clone 
ab2349, Abcam) or rabbitanti-sVEGFR-2 antibody (1:1000, 
AA21127) was used for immunoblotting. Mouse LECs were 
incubated with media only or VEGF-C (200 ng/ml, Biovi 
sion) with or without sVEGFR-2 (13.8 g/ml) or VEGFR-1/ 
Fc (20 g/ml, R&D Systems) for 15 min. The sVEGFR-2and 
VEGFR-1/Fc concentrations are equimolar. The lysates were 
immunoprecipitated with anti-VEGFR-3 antibody (Santa 
Cruz, C-20), immunoblotted with anti-phosphotyrosine 
(1:1000, 4G10, Millipore), and reblotted with anti-VEGFR-3 
antibody (1:500, AFL4, eBioscience). 

Statistical analyses. Mean percentage LYVE-1" (lym 
phatic vessels) or CD3 1/LYVE-1 (blood vessels) areas 
were calculated for each corneal flat mount and skin whole 
mount using Image.J software. The number of Prox 1 nuclei 
within LYVE-1" skin lymphatic vessels were counted in 12 
random fields and expressed as LEC density per 100 um. The 
density of lymphatic structures was determined by counting 
lymphatic vessel branch points per unit area (750 umx750 
um) on standard low-magnification LYVE-1-stained images 
of the mouse skin. Mann Whitney U test with Bonferroni 
correction was used for statistical comparison of multiple 
variables. Comparison of corneal transplant Survival was per 
formed by Kaplan-Meier Survival. The null hypothesis was 
rejected at P-0.05. 
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cggcaccact 

Ctgg tattgg 

aalacc Catac 

tgaagittaat 

tgttatccaa 

gagaggaga.g 

tgacatgcag 

gtttgagaac 

gttgcc.caca 

ctictaatagc 

aggagacitat 

gcagotcaca 

gcc ttaa 

Wall Glu 
15 

Leul Pro 

Th Thr 

Trp Pro 

Cys Ser 

Gly Asn 
95 

Ala Ser 

Ala Ser 

Asn Lys 

Wall Ser 
160 

Asn Arg 
17s 

Met Ile 

Glu Ser 

Ile Tyr 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

2O37 

46 
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Asp Val Val Lieu. Ser Pro Ser His Gly Ile Glu Lieu. Ser Val Gly Glu 
225 23 O 235 24 O 

Llys Lieu Val Lieu. Asn. Cys Thr Ala Arg Thr Glu Lieu. Asn Val Gly Ile 
245 250 255 

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Llys Llys Lieu 
26 O 265 27 O 

Val Asn Arg Asp Lieu Lys Thr Glin Ser Gly Ser Glu Met Lys Llys Phe 
27s 28O 285 

Lieu. Ser Thr Lieu. Thir Ile Asp Gly Val Thr Arg Ser Asp Glin Gly Lieu. 
29 O 295 3 OO 

Tyr Thr Cys Ala Ala Ser Ser Gly Lieu Met Thr Lys Lys Asn Ser Thr 
3. OS 310 315 32O 

Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met 
3.25 330 335 

Glu Ser Lieu Val Glu Ala Thr Val Gly Glu Arg Val Arg Ile Pro Ala 
34 O 345 35. O 

Lys Tyr Lieu. Gly Tyr Pro Pro Pro Glu Ile Llys Trp Tyr Lys Asn Gly 
355 360 365 

Ile Pro Leu Glu Ser Asn His Thr Ile Lys Ala Gly His Val Lieu. Thr 
37 O 375 38O 

Ile Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val Ile Leu 
385 390 395 4 OO 

Thr Asn Pro Ile Ser Lys Glu Lys Glin Ser His Val Val Ser Leu Val 
4 OS 41O 415 

Val Tyr Val Pro Pro Glin Ile Gly Glu Lys Ser Lieu. Ile Ser Pro Val 
42O 425 43 O 

Asp Ser Tyr Glin Tyr Gly. Thir Thr Glin Thr Lieu. Thr Cys Thr Val Tyr 
435 44 O 445 

Ala Ile Pro Pro Pro His His Ile His Trp Tyr Trp Gln Leu Glu Glu 
450 45.5 460 

Glu Cys Ala Asn Glu Pro Ser Glin Ala Val Ser Val Thr Asn Pro Tyr 
465 470 47s 48O 

Pro Cys Glu Glu Trp Arg Ser Val Glu Asp Phe Glin Gly Gly Asn Lys 
485 490 495 

Ile Glu Val Asn Lys Asn Glin Phe Ala Lieu. Ile Glu Gly Lys Asn Lys 
SOO 505 51O 

Thr Val Ser Thir Lieu Val Ile Glin Ala Ala Asn Val Ser Ala Lieu. Tyr 
515 52O 525 

Lys Cys Glu Ala Val Asn Llys Val Gly Arg Gly Glu Arg Val Ile Ser 
53 O 535 54 O 

Phe His Val Thr Arg Gly Pro Glu Ile Thr Lieu Gln Pro Asp Met Glin 
5.45 550 555 560 

Pro Thr Glu Gln Glu Ser Val Ser Leu Trp Cys Thr Ala Asp Arg Ser 
565 st O sts 

Thr Phe Glu Asn Lieu. Thir Trp Tyr Lys Lieu. Gly Pro Gln Pro Leu Pro 
58O 585 59 O 

Ile His Val Gly Glu Lieu Pro Thr Pro Val Cys Lys Asn Lieu. Asp Thr 
595 6OO 605 

Lieu. Trp Llys Lieu. Asn Ala Thr Met Phe Ser Asn. Ser Thr Asn Asp Ile 
610 615 62O 

Lieu. Ile Met Glu Lieu Lys Asn Ala Ser Lieu. Glin Asp Glin Gly Asp Tyr 
625 630 635 64 O 

48 
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acaaatgaca ttittgat cat ggagcttaag aatgcatcct tcaggacca aggagacitat 1920 

gtctgcgttg Ctcaagacag galagaccalag aaaagacatt gcgtggt cag gcagotcaca 198O 

gtcCtcggta gggaga caat tctggat cat ttgtagggg cagttggaat gcc ttaa 2O37 

<210s, SEQ ID NO 7 
&211s LENGTH: 678 
212. TYPE: PRT 

<213s ORGANISM: Macaca mulatta 

<4 OO > SEQUENCE: 7 

Met Ala Ser Llys Val Lieu. Lieu Ala Val Ala Lieu. Trp Lieu. Cys Val Glu 
1. 5 1O 15 

Thir Arg Ala Ala Ser Val Gly Lieu Pro Ser Val Ser Lieu. Asp Lieu Pro 
2O 25 3O 

Arg Lieu. Ser Ile Gln Lys Asp Ile Lieu. Thir Ile Lys Ala Asn. Thir Thr 
35 4 O 45 

Lieu. Glin Ile Thir Cys Arg Gly Glin Arg Asp Lieu. Asp Trp Lieu. Trp Pro 
SO 55 6 O 

Asn Asn Glin Ser Gly Ser Glu Glin Arg Val Glu Val Thr Glu. Cys Ser 
65 70 7s 8O 

Asp Gly Lieu. Phe Cys Llys Thr Lieu. Thir Ile Pro Llys Val Ile Gly Asn 
85 90 95 

Asp Thr Gly Ala Tyr Lys Cys Phe Tyr Arg Glu Thir Asp Lieu Ala Ser 
1OO 105 11 O 

Val Ile Tyr Val Tyr Val Glin Asp Tyr Arg Ser Pro Phe Ile Ala Ser 
115 120 125 

Val Ser Asp Gln His Gly Val Val Tyr Ile Thr Glu Asn Lys Asn Lys 
13 O 135 14 O 

Thr Val Val Ile Pro Cys Lieu. Gly Ser Ile Ser Asn Lieu. Asn Val Ser 
145 150 155 160 

Lieu. Cys Ala Arg Tyr Pro Glu Lys Arg Phe Val Pro Asp Gly Asn Arg 
1.65 17O 17s 

Ile Ser Trp Asp Ser Lys Lys Gly Phe Thir Ile Pro Ser Tyr Met Ile 
18O 185 19 O 

Ser Tyr Ala Gly Met Val Phe Cys Glu Ala Lys Ile Asn Asp Glu Ser 
195 2OO 2O5 

Tyr Glin Ser Ile Met Tyr Ile Val Val Val Val Gly Tyr Arg Ile Tyr 
21 O 215 22O 

Asp Val Val Lieu. Ser Pro Ser His Gly Val Glu Lieu. Ser Val Gly Glu 
225 23 O 235 24 O 

Llys Lieu Val Lieu. Asn. Cys Thr Ala Arg Thr Glu Lieu. Asn Val Gly Ile 
245 250 255 

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Llys Llys Lieu 
26 O 265 27 O 

Val Asn Arg Asp Lieu Lys Thr Glin Ser Gly Ser Glu Met Lys Llys Phe 
27s 28O 285 

Lieu. Ser Thr Lieu. Thir Ile Asp Gly Val Thr Arg Ser Asp Glin Gly Lieu. 
29 O 295 3 OO 

Tyr Thr Cys Ala Ala Ser Ser Gly Lieu Met Thr Lys Lys Asn Ser Thr 
3. OS 310 315 32O 

Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met 
3.25 330 335 

Glu Ser Lieu Val Glu Ala Thr Val Gly Glu Arg Val Arg Ile Pro Val 
34 O 345 35. O 



Ile 

Ile 
385 

Thir 

Wall 

Asp 

Ala 

Glu 
465 

Pro 

Ile 

Thir 

Phe 
5.45 

Pro 

Thir 

Wall 

Lell 

Lell 
625 

Wall 

Arg 

Gly 

< 4 OOs 

Pro 
37 O 

Met 

Asn 

Ser 

Ile 
450 

Glu 

Wall 

Cys 
53 O 

His 

Thir 

Phe 

His 

Trp 
610 

Ile 

Glin 

Ala 

Luell 
355 

Luell 

Glu 

Pro 

Wall 

Tyr 
435 

Pro 

Pro 

Glu 

Wall 

Ser 
515 

Glu 

Wall 

Glu 

Glu 

Wall 
595 

Met 

Wall 

Luell 

Wall 
675 

atggaga.gca 

tctgtgggtt 

Cttacaatitt 

tggctttggc 

Gly Tyr 

Glu Ser 

Wall Ser 

Ile Ser 
4 OS 

Pro Pro 
42O 

Gln Tyr 

Pro Pro 

Asn. Glu 

Glu Trp 
485 

Asn Llys 
SOO 

Thir Lieu. 

Ala Wall 

Thr Arg 

Glin Glu 
565 

Asn Lieu. 
58O 

Gly Glu 

Luell Asn 

Glu Lieu. 

Ala Glin 
645 

Thir Wall 
660 

Gly Met 

SEQ ID NO 8 
LENGTH: 2O16 
TYPE: DNA 

ORGANISM: Rattus norvegicus 

SEQUENCE: 8 

53 

Pro Pro Pro 
360 

Asn His Thr 
375 

Glu Arg Asp 
390 

Lys Glu Lys 

Glin Ile Gly 

Gly. Thir Thr 
44 O 

His His Ile 
45.5 

Pro Ser Glin 
470 

Arg Ser Val 

Asn. Glin Phe 

Wall Ile Glin 
52O 

Asn Llys Val 
535 

Gly Pro Glu 
550 

Ser Wal Ser 

Thir Trp Tyr 

Leu Pro Thr 
6OO 

Ala Thir Ile 
615 

Lys Asn Ala 
630 

Asp Arg Llys 

Lieu. Gly Arg 

Pro 

gggcgctgct agctgtc.gct 

tgcctgg.cga t t c cct coat 

tggcaaatac aaccott cag 

c caacactico go.gtgactict 

Glu Ile Llys 

Val Llys Val 

Thr Gly Asn 
395 

Glin Ser His 
41O 

Glu Lys Ser 
425 

Glin. Thir Lieu. 

His Trp Tyr 

Ala Wal Ser 
47s 

Glu Asp Phe 
490 

Ala Lieu. Ile 

Ala Ala Asn 

Ile Thir Lieu. 
555 

Lieu. Trp Cys 
st O 

Llys Lieu. Gly 
585 

Pro Val Cys 

Phe Ser Asn 

Ser Lieu. Glin 
635 

Thir Lys Llys 
650 

Glu Thir Ile 
665 

ctgtggttct 

ccacccaagc 

attacttgca 

gaggaaaggg 
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Trp 

Gly 

Tyr 

Wall 

Lell 

Thir 

Trp 
460 

Wall 

Glin 

Glu 

Wall 

Glu 
54 O 

Glin 

Thir 

Pro 

Ser 
62O 

Asp 

Arg 

Lell 

Tyr 
365 

His 

Thir 

Wall 

Ile 

Cys 
445 

Glin 

Thir 

Gly 

Gly 

Ser 
525 

Arg 

Pro 

Ala 

Glin 

Asn 
605 

Thir 

Glin 

His 

Asp 

Lys 

Wall 

Wall 

Ser 

Ser 
43 O 

Thir 

Luell 

Asn 

Gly 

Lys 

Ala 

Wall 

Asp 

Asp 

Pro 
59 O 

Luell 

Asn 

Gly 

His 
67 O 

gcgtggagac 

t cago acaca 

ggggacagag 

tgttggtgac 

Asin Gly 

Lieu. Thir 

Ile Lieu. 
4 OO 

Lieu Wall 
415 

Pro Wall 

Val Tyr 

Glu Glu 

Pro Tyr 
48O 

Asn Lys 
495 

Asn Lys 

Leu Tyr 

Ile Ser 

Lieu. Glin 
560 

Llys Ser 
sts 

Leul Pro 

Asp Thr 

Asp Ile 

Asp Tyr 
64 O 

Wall Wall 
655 

Cys Val 

aaaagacata 

ggacctggat 

tgagtgttggc 

6 O 

12 O 

18O 

24 O 

54 





Asn 
65 

Asp 

Asp 

Ile 

Wall 

Thir 
145 

Lell 

Ile 

Ser 

Asp 
225 

Asp 

Wall 

Lell 

Tyr 
3. OS 

Phe 

Arg 

Ile 
385 

Thir 

Wall 

Asp 

Ala 

Ala 
465 

SO 

Thir 

Ser 

Thir 

Wall 

Ser 
13 O 

Wall 

Ser 

Glin 
21 O 

Wall 

Luell 

Phe 

Asn 

Ser 
29 O 

Thir 

Wall 

Ser 

Pro 
37 O 

Met 

Asn 

Asn 

Ser 

Asn 
450 

Pro 

Ile 

Gly 

Tyr 
115 

Asp 

Wall 

Ala 

Trp 

Ala 
195 

Ser 

Wall 

Wall 

Ser 

Arg 

Thir 

Arg 

Luell 

Luell 
355 

Ile 

Glu 

Pro 

Wall 

Tyr 
435 

Pro 

Ser 

Arg 

Phe 

Ala 

Wall 

Glu 

Ile 

Arg 

Asp 
18O 

Gly 

Ile 

Luell 

Luell 

Trp 
26 O 

Asp 

Luell 

Thir 

Wall 

Wall 
34 O 

Ser 

Glu 

Wall 

Ile 

Pro 
42O 

Glin 

Pro 

Asp 

Cys 
85 

Tyr 

Tyr 

His 

Pro 

Tyr 
1.65 

Ser 

Met 

Met 

Ser 

Asn 
245 

Glin 

Wall 

Thir 

Ala 

His 
3.25 

Glu 

Tyr 

Ser 

Ser 

Ser 
4 OS 

Pro 

Tyr 

Lell 

Ser 
70 

Wall 

Gly 

Cys 
150 

Pro 

Glu 

Wall 

Pro 
23 O 

Phe 

Ile 

Tyr 
310 

Thir 

Ala 

Pro 

Asn 

Glu 
390 

Met 

Glin 

Gly 

His 

Pro 
470 

57 

55 

Glu 

Thir 

Glin 

Ile 
135 

Arg 

Glu 

Phe 

Ile 
215 

Pro 

Thir 

Pro 

Ser 

Asp 
295 

Ser 

Thir 

Ala 

Tyr 
375 

Arg 

Glu 

Ile 

Thir 

His 
45.5 

Ser 

Glu 

Luell 

Phe 

Asp 
12 O 

Wall 

Gly 

Gly 

Cys 

Wall 

His 

Ala 

Ser 

Luell 

Ser 

Gly 

Pro 

Wall 

Pro 
360 

Thir 

Asp 

Gly 

Met 
44 O 

Ile 

Glin 

Arg 

Thir 

Tyr 
105 

His 

Ser 

Arg 

Phe 
185 

Glu 

Luell 

Glu 

Arg 

Ser 
265 

Pro 

Wall 

Luell 

Phe 

Gly 
345 

Asp 

Met 

Ala 

Glin 

Glu 
425 

Glin 

Glin 

Thir 

Wall 

Wall 
90 

Arg 

Arg 

Ile 

Ile 

Phe 
17O 

Thir 

Ala 

Wall 

Ile 

Thir 
250 

Gly 

Thir 

Met 

Ile 
330 

Ser 

Ile 

Ile 

Gly 

Ser 
41O 

Thir 

Trp 

Asn 

Luell 

Pro 

Asp 

Ser 

Thir 

Ser 
155 

Wall 

Ile 

Wall 

Glu 
235 

Glu 

His 

Thir 

Thir 
315 

Ala 

Glin 

Wall 

ASn 
395 

His 

Ala 

Luell 

Tyr 

Pro 
47s 

US 8,846,386 B2 
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6 O 

Wall 

Arg 

Thir 

Pro 

Glu 
14 O 

Asn 

Pro 

Pro 

Ile 

Gly 
22O 

Lell 

Lell 

Glin 

Wall 

Ser 
3 OO 

Phe 

Wall 

Trp 

Gly 

Tyr 

Met 

Lell 

Thir 

Trp 
460 

Thir 

Wall 

Asp 

Phe 
125 

Asn 

Lell 

Asp 

Ser 

Asn 

Tyr 

Ser 

Asn 

His 

Ala 
285 

Asp 

Gly 

Arg 

Tyr 
365 

Asp 

Thir 

Wall 

Ile 

Cys 
445 

Glin 

Thir 

Glu 

Wall 

Wall 
11 O 

Ile 

Asn 

Gly 

Tyr 
19 O 

Asp 

Arg 

Ala 

Wall 

Lys 
27 O 

Glin 

Asn 

Ser 

Ile 
35. O 

Arg 

Glu 

Wall 

Ser 

Ser 
43 O 

Thir 

Luell 

Gly 
95 

Ser 

Ala 

Asn 

Wall 

Asn 
17s 

Met 

Glu 

Ile 

Gly 

Gly 
255 

Met 

Gly 

Gly 
335 

Pro 

Asn 

Luell 

Ile 

Luell 
415 

Pro 

Wall 

Glu 

Gly 
8O 

Asn 

Ser 

Ser 

Ser 
160 

Arg 

Ile 

Thir 

Tyr 

Glu 
24 O 

Luell 

Ile 

Phe 

Glu 

Thir 

Met 

Wall 

Gly 

Thir 

Luell 
4 OO 

Wall 

Met 

Tyr 

Glu 

Glu 
48O 

58 



Trp 

Lell 

Ile 

Arg 
5.45 

Glu 

Lell 

Glu 

Asn 

Phe 
625 

Glin 

Ile 

< 4 OOs 

Arg 

Asn 

Wall 

Asn 
53 O 

Gly 

Ser 

Thir 

Ser 

Gly 
610 

Glin 

Asp 

Luell 

His 

Glin 

Ile 
515 

Pro 

Met 

Trp 

Luell 

Wall 

Tyr 
SOO 

Glin 

Ala 

Glu 

Ser 

Tyr 

Thir 

Lys 
485 

Ala 

Ala 

Gly 

Ile 

Lell 
565 

Lys 

Pro 

Asp 

Lell 

Ala 

Arg 

Thir 
550 

Lell 

Lell 

59 

Phe 

Ile 

Gly 
535 

Wall 

Glin 

Glu 

Wall 

Glu 

Glin 

Thir 

Ser 

Gly 

Gly 
505 

Ser 

Arg 

Pro 

Ala 

Glin 
585 

Asn 

Gly 
490 

Ala 

Wall 

Ala 

Asp 
st O 

Ala 

ASn 

ASn 

Luell 

Ile 

Thir 
555 

Arg 

Thir 
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Ser 
54 O 

Glin 

Asn 

Ser 

Ala 

Ile 

Thir 

Lys 
525 

Phe 

Pro 

Thir 

Wall 

Lell 

Glu 

Wall 

His 

Thir 

Phe 

His 
59 O 

Wall 
495 

Ser 

Glu 

Wall 

Glu 

Glu 
sts 

Met 

Thir 

Thir 

Ala 

Ile 

Arg 
560 

Asn 

Gly 

595 
Val Cys Llys 

Thir Wall Phe Ser Asn. Ser 
615 

Asn Ala Ser Lieu. Glin Asp 
630 

Llys Llys Thr Llys Lys Arg 
645 

Gly Met Glu Gly Pro Leu 
660 

SEQ ID NO 10 
LENGTH: 2O4. O 
TYPE: DNA 
ORGANISM: Bos 

SEQUENCE: 1.O 

atggaga.gca aggcgctgct 

tctgtgggitt tttctagtgt 

cittagagitta tdgcta acac 

tggctctggc ccaacaatca 

gatggcgt.ct tctgtaagat 

tacaagtgct tctaccagga 

tacaggtotc cqtttattgc 

aacaaaaa.ca aaactgtggit 

Ctctgtgcaa ggt atccaga 

agcc agaaag gct tcagtat 

gaagcaaaaa t caatgatga 

tacaagattt atgatgtggit 

aagct catct taaactgtac 

gaatac cott ctittgaagica 

tctgggactgaaatgaagaa 

gacCaggggt ggtatatctg 

tttgtc.cggg tacatgaaaa 

talurus 

ggc ccttgct 

titc ccttgat 

aacgcttcag 

gag cagotct 

gct cacaatt 

cactgacatg 

ttctgttagc 

gatt.ccgtgt 

aaaaagattit 

tcc cagot at 

aagttaccag 

tctgagcc cc 

ggcaagaact 

t cagoataaa 

gtttittgagc 

tgcagct tcc 

gcc titttgtt 

Lieu. Asp 

Thir Asn Asp 

Glin Gly Asn 
635 

His Cys Lieu. 
650 

Val Asp Gly 
665 

Ctgtggctict 

c cc cc caggc 

attacttgca 

gagaaaagag 

t cagaagtga 

ggct CC9ttic 

gaccago atg 

ttggggactg 

gtacctgatg 

atgat cagtt 

tct attatgt 

Cct cacggag 

gagctaaatg 

aaact tataa. 

accttgacta 

agtgggctga 

gctitt cqgta 

605 

Ile Lieu. Ile 

Tyr Val Cys 

Trp Llys Lieu. 

Wall Ala 

Ser Ala 
64 O 

Val Lys Glin Lieu Val 

Wall Ala Met 
67 O 

gcgtggagac 

t cagoat coa 

ggggt cagag 

tggaggt cac 

ttggaaatga 

tittatgtgta 

aagttgttgta 

titt cagacict 

gta acagaat 

atgctggcgt. 

acataattgt 

tcgagctgtc. 

tggggat.cga 

accgggacct 

tagatggtgt 

tgacCaagaa 

gtggCatgga 

655 

Pro 

ccgggctgcc 

aaaagacata 

ggacttgcag 

agactgcagt 

tactggagcc 

tgttcaagat 

cat cact gag 

caatgtgtca 

titcCtgggac 

ggt ctitctgc 

ggittataggg 

tgttggaga.g 

citt coactgg 

aaaaacc cag 

alaccc.ggagt 

gaacagdacg 

atcCttggtg 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

60 



gaagccaccg 

gaaataaaat 

Catgtgctga 

accalat CC Ca 

cct cagattg 

caaacgctga 

Cagctggaga 

acttgtaagg 

aaaaat caga 

gcggccalatg 

agggittat ct 

Cccaccgagc 

Ctcacgtggit 

cctgtctgca 

acaaatgaca 

gtctgctittg 

gtcc taggta 

< 4 OOs 

tgggggaacg 

ggtataaaaa 

citat tatgga 

tittcaaagga 

gtgagaaatc 

cgtgcacggit 

cggagtgcac 

aatggagaaa 

ttgcc.ctaat 

tgtctgctitt 

cct tccatgt 

aggagaatgt 

acaaacticgg 

agaacttgga 

t cittgat citt 

Ctcaggacag 

gggcagt cac 

SEQ ID NO 11 
LENGTH 679 
TYPE : 
ORGANISM: Bos 

PRT 

SEQUENCE: 11 

61 

tgtgagagtic 

tggalagaccc 

agtgagtgag 

gaalacagagc 

tctgctgtct 

citacgc.cgitt 

ctaccago'cc 

cgtggaggac 

tgaaggaaga 

gtataaatgt 

gacCaggggt 

gtc.tctgtgg 

CCC acaggcc 

tgctic tittgg 

ggagctgcag 

gaagactaag 

tctggaccat 

talurus 

Met Glu Ser Lys Ala Lieu. Lieu Ala 
1. 

Thir 

Arg 

Lell 

Asn 
65 

Asp 

Asp 

Wall 

Wall 

Thir 
145 

Lell 

Ile 

Ser 

Arg 

Luell 

Glin 
SO 

Asn 

Gly 

Thir 

Luell 

Ser 
13 O 

Wall 

Ser 

Ala 

Ser 
35 

Ile 

Glin 

Wall 

Gly 

Tyr 
115 

Asp 

Wall 

Ala 

Trp 

Ala 

5 

Ala Ser Val Gly Phe 

Ile Gln Lys Asp Ile 
4 O 

Thr Cys Arg Gly Glin 
55 

Ser Ser Ser Glu Lys 
70 

Phe Cys Lys Met Leu 
85 

Ala Tyr Lys Cys Phe 

Val Tyr Val Glin Asp 
12 O 

Gln His Glu Wal Wall 
135 

Ile Pro Cys Lieu. Gly 
150 

Arg Tyr Pro Glu Lys 
1.65 

Asp Ser Gln Lys Gly 
18O 

Gly Val Val Phe Cys 

cctgtcaagt 

attgagt cca 

aaagatacag 

cacatggitat 

cc.cgtggact 

CCt CCCC cala 

accct cactg 

titcCaggggg 

aacaaaactg 

gaagcagtga 

cctgaaatca 

tgctctg.cgg 

ctgcc catcc 

aaaatgaatg 

aatgcatcct 

aaaagacatt 

ccagaggcag 

Lieu Ala Lieu 
1O 

Ser Ser Wall 
25 

Lieu. Arg Val 

Arg Asp Lieu. 

Arg Val Glu 
7s 

Thir Ile Ser 
90 

Tyr Glin Asp 
105 

Tyr Arg Ser 

Tyr Ile Thr 

Thir Wal Ser 
155 

Arg Phe Val 
17O 

Phe Ser Ile 
185 

Glu Ala Lys 
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accttggitta ccctic ct coa 

at cacacagt 

gaaattacac 

Ctctggtggit 

cittaccagta 

gtcacatt.cg 

ccittaacgac 

gaaacaaaat 

taagtactict 

acaaagctgg 

cactgcaacc 

acagaactat 

acatgggcga 

ccaccatgaa 

tgcaggacca 

ttgggttgcc 

Trp 

Ser 

Met 

Glin 
6 O 

Wall 

Glu 

Thir 

Pro 

Glu 
14 O 

Asp 

Pro 

Pro 

Ile 

Lell 

Lell 

Ala 
45 

Trp 

Thir 

Wall 

Asp 

Phe 
125 

Asn 

Lell 

Asp 

Ser 

Asn 

Asp 

Asn 

Luell 

Asp 

Ile 

Met 
11 O 

Ile 

Asn 

Gly 

Tyr 
19 O 

Asp 

taaagtggga 

tgtcatt citt 

gaatgtc.cca 

cggcact tcc 

Ctgg tactgg 

aalacc Catac 

cgaagttcaac 

tgttatccaa 

aagaggaga.g 

tggcatc.ca.g 

gtttgagaac 

tttacCCaCa 

ctictaacggc 

aggagacitat 

gcagotcaca 

ttcaatgtaa 

Wall Glu 
15 

Pro Pro 

Th Thr 

Trp Pro 

Cys Ser 
8O 

Gly Asn 
95 

Gly Ser 

Ala Ser 

Asn Lys 

Wall Ser 
160 

Asn Arg 
17s 

Met Ile 

Glu Ser 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

86 O 

92 O 

98 O 

2O4. O 



Asp 
225 

Asp 

Ile 

Lell 

Tyr 
3. OS 

Phe 

Glu 

Arg 

Ile 
385 

Thir 

Wall 

Asp 

Ala 

Glu 
465 

Thir 

Ile 

Thir 

Phe 
5.45 

Pro 

Met 

Ile 

Lell 

Glin 
21 O 

Wall 

Luell 

Phe 

Asn 

Ser 
29 O 

Ile 

Wall 

Ser 

Pro 
37 O 

Met 

Asn 

Asn 

Ser 

Wall 
450 

Glu 

Wall 

Cys 
53 O 

His 

Thir 

Phe 

His 

Trp 
610 

195 

Ser 

Wall 

Ile 

His 

Arg 

Thir 

Arg 

Luell 

Luell 
355 

Ile 

Glu 

Pro 

Wall 

Tyr 
435 

Pro 

Thir 

Wall 

Ser 
515 

Glu 

Wall 

Glu 

Glu 

Met 
595 

Ile 

Luell 

Luell 

Trp 
26 O 

Asp 

Luell 

Ala 

Wall 

Wall 
34 O 

Gly 

Glu 

Wall 

Ile 

Pro 

Glin 

Pro 

Glu 

Asn 
SOO 

Thir 

Ala 

Thir 

Glin 

Asn 

Gly 

Met 

Met 

Ser 

Asn 
245 

Glu 

Lell 

Thir 

Ala 

His 
3.25 

Glu 

Tyr 

Ser 

Ser 

Ser 
4 OS 

Pro 

Tyr 

Pro 

Glin 

Trp 
485 

Lys 

Lell 

Wall 

Glu 
565 

Lell 

Asp 

Asn 

Pro 
23 O 

Ile 

Ser 
310 

Glu 

Ala 

Pro 

Asn 

Glu 
390 

Glin 

Gly 

Ser 

Pro 
470 

Arg 

Asn 

Wall 

Asn 

Gly 
550 

Asn 

Thir 

Lell 

Ala 

63 

Ile 
215 

Pro 

Thir 

Pro 

Thir 

Asp 
295 

Ser 

Thir 

Pro 

His 
375 

Glu 

Ile 

Thir 

His 
45.5 

Thir 

Asn 

Glin 

Ile 

Lys 
535 

Pro 

Wall 

Trp 

Pro 

Thir 
615 

2OO 

Ile 

His 

Ala 

Ser 

Glin 

Gly 

Gly 

Pro 

Wall 

Pro 
360 

Thir 

Asp 

Gly 

Ser 
44 O 

Ile 

Luell 

Wall 

Ile 

Glin 

Ala 

Glu 

Ser 

Thir 
6OO 

Met 

Wall 

Gly 

Arg 

Luell 
265 

Ser 

Wall 

Luell 

Phe 

Gly 
345 

Glu 

Wall 

Thir 

Glin 

Glu 
425 

Glin 

Arg 

Thir 

Glu 

Ala 
505 

Ala 

Gly 

Ile 

Luell 

Lys 
585 

Pro 

Asn 

Wall 

Wall 

Thir 
250 

Gly 

Thir 

Met 

Wall 
330 

Glu 

Ile 

Gly 

Ser 
41O 

Thir 

Trp 

Ala 

Asp 
490 

Luell 

Ala 

Arg 

Thir 

Trp 
st O 

Luell 

Wall 

Ser 

Ile 

Glu 
235 

Glu 

His 

Thir 

Arg 

Thir 
315 

Ala 

Arg 

Wall 

ASn 
395 

His 

Ser 

Luell 

Luell 

Phe 

Ile 

ASn 

Gly 

Luell 
555 

Cys 

Gly 

Cys 

ASn 

US 8,846,386 B2 

- Continued 

Gly 
22O 

Lell 

Lell 

Glin 

Glu 

Ser 
3 OO 

Phe 

Wall 

Trp 

Gly 

Met 

Lell 

Thir 

Trp 
460 

Thir 

Glin 

Glu 

Wall 

Glu 
54 O 

Glin 

Ser 

Pro 

Gly 
62O 

2O5 

Ser 

Asn 

His 

Met 
285 

Asp 

Gly 

Arg 

Tyr 
365 

His 

Thir 

Wall 

Lell 

Cys 
445 

Glin 

Thir 

Gly 

Gly 

Ser 
525 

Arg 

Pro 

Ala 

Glin 

Asn 
605 

Thir 

Wall 

Wall 

Lys 
27 O 

Glin 

Asn 

Ser 

Wall 
35. O 

Wall 

Wall 

Ser 

Ser 
43 O 

Thir 

Luell 

Asn 

Gly 

Arg 

Ala 

Wall 

Gly 

Asp 

Ala 
59 O 

Luell 

Asn 

Ile 

Gly 

Gly 
255 

Gly 

Ser 

Gly 
335 

Pro 

Asn 

Luell 

Ile 

Luell 
415 

Pro 

Wall 

Glu 

Pro 

Asn 
495 

Asn 

Luell 

Ile 

Ile 

Arg 
sts 

Luell 

Asp 

Asp 

Glu 
24 O 

Ile 

Luell 

Phe 

Trp 

Thir 

Met 

Wall 

Gly 

Thir 

Luell 
4 OO 

Wall 

Wall 

Thir 

Tyr 
48O 

Ser 

Glin 
560 

Thir 

Pro 

Ala 

Ile 

64 
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Lieu. Ile Lieu. Glu Lieu. Glin Asn Ala Ser Lieu. Glin Asp Glin Gly Asp Tyr 
625 630 635 

Val Cys Phe Ala Glin Asp Arg Llys Thir Lys Lys Arg His 
645 650 

Cys 

Arg Glin Lieu. Thr Val Lieu. Gly Arg Ala Val Thir Lieu. Asp His 
660 665 

Ala Val Gly Lieu Pro Ser Met 
675 

<210s, SEQ ID NO 12 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 12 

gtatggaggc atc cctgggit gacagaattig caatgcct 

<210s, SEQ ID NO 13 
&211s LENGTH: 47 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 13 

gtagggagac aattctggat cattgttgcag aggcagttgg aatgc ct 

<210s, SEQ ID NO 14 
&211s LENGTH: 47 
& 212 TYPE DNA 
<213s ORGANISM: Macaca mulatta 

<4 OOs, SEQUENCE: 14 

gtagggagac aattctggat cattgttgtag gggcagttgg aatgc ct 

<210s, SEQ ID NO 15 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 15 

gtatggaggg acc cctggitt gatggggttg caatgcct 

<210s, SEQ ID NO 16 
&211s LENGTH: 50 
&212s. TYPE: DNA 
&213s ORGANISM: Bos taurus 

<4 OOs, SEQUENCE: 16 

67 O 

gtagggcagt cactctggac catccagagg cagttgggitt gccttcaatg 

<210s, SEQ ID NO 17 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 17 

Gly Met Glu Ala Ser Lieu. Gly Asp Arg Ile Ala Met Pro 
1. 5 1O 

<210s, SEQ ID NO 18 
&211s LENGTH: 16 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

Wall 
655 

Pro 

64 O 

Ala 

Glu 

38 

47 

47 

38 

SO 

66 
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<4 OOs, SEQUENCE: 18 

Gly Arg Glu Thir Ile Lieu. Asp His Cys Ala Glu Ala Val Gly Met Pro 
1. 5 1O 15 

<210s, SEQ ID NO 19 
&211s LENGTH: 16 
212. TYPE: PRT 

<213s ORGANISM: Macaca mulatta 

<4 OOs, SEQUENCE: 19 

Gly Arg Glu Thir Ile Lieu. Asp His Cys Val Gly Ala Val Gly Met Pro 
1. 5 1O 15 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 13 
212. TYPE: PRT 

<213> ORGANISM: Rattus norvegicus 

<4 OOs, SEQUENCE: 2O 

Gly Met Glu Gly Pro Leu Val Asp Gly Val Ala Met Pro 
1. 5 1O 

<210s, SEQ ID NO 21 
&211s LENGTH: 17 
212. TYPE: PRT 

&213s ORGANISM: Bos taurus 

<4 OOs, SEQUENCE: 21 

Gly Arg Ala Val Thr Lieu. Asp His Pro Glu Ala Val Gly Lieu Pro Ser 
1. 5 1O 15 

Met 

<210s, SEQ ID NO 22 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 22 

gg tatggagg catccCtggg t 

<210s, SEQ ID NO 23 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 23 

Cagittagcac atgtgtgtaa t 

<210s, SEQ ID NO 24 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 24 

aattgcaatig cct taaatgc a 

<210s, SEQ ID NO 25 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Mus sp. 

<4 OOs, SEQUENCE: 25 

21 

21 

21 

68 
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aaatcc tota acctgaataa a 

<210s, SEQ ID NO 34 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 34 

tggaga.gcaa ggcgctgcta gC 

<210s, SEQ ID NO 35 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 35 

ctitt coactic ctdcctacct ag 

<210s, SEQ ID NO 36 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 36 

aatttgggtg C catagccaa tic 

<210s, SEQ ID NO 37 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OO > SEQUENCE: 37 

cgaggagaga gggtcatcto 

<210s, SEQ ID NO 38 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 38 

Cagggatgcc tccatacc 

<210s, SEQ ID NO 39 
&211s LENGTH: 28 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 39 

21 

Synthetic 

22 

Synthetic 

22 

Synthetic 

22 

Synthetic 

Synthetic 

18 

Synthetic 
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gctctgtgcc cagcgc.gagg to aggat 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 4 O 

tgct Ctgctt C caggagtgt gcc agcct 

<210s, SEQ ID NO 41 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 41 

aactttgttga agct catttic ctdgitat 

<210s, SEQ ID NO 42 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 42 

CCttgctggg Ctgggtggit 

<210s, SEQ ID NO 43 
&211s LENGTH: 43 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 43 

agagaattica ccggat.ccta cccgggtttt tttittttittt titt 

<210s, SEQ ID NO 44 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 44 

tggtacaa.gc titggtct cac aggcaa.cat 

<210s, SEQ ID NO 45 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
primer 

<4 OOs, SEQUENCE: 45 

gccacact cattgcct gtact cotctgg 

28 

Synthetic 

28 

Synthetic 

27 

Synthetic 

19 

Synthetic 

43 

Synthetic 

29 

Synthetic 

28 
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<210s, SEQ ID NO 46 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<4 OOs, SEQUENCE: 46 

actgcagttg ggtgattitt C aggagcac 28 

<210s, SEQ ID NO 47 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
primer 

<4 OOs, SEQUENCE: 47 

gaga attcac cqgatcctac 2O 

25 

We claim: 2. An isolated recombinant host cell comprising the the 
vector of claim 1. 

3. The vector of claim 1, wherein the promoter is heterolo 
gous to the nucleic acid molecule. 

30 4. The isolated recombinant host cell of claim 2, wherein 
the promoter is heterologous to the nucleic acid molecule. 

1. A vector comprising an isolated nucleic acid molecule 
consisting of (i) a nucleotide sequence of SEQID NO:4 or (ii) 
a degenerate sequence of SEQID NO:4, wherein said degen 
erate sequence encodes a polypeptide consisting of the amino 
acid sequence set forth in SEQID NO:5, wherein the nucleic 
acid molecule is in operable linkage with a promoter. k . . . . 


